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The report presented in the following pages constitutes the efforts
of a yroup consisting of individuals with training in the various sci-
entific disciplines. Although major ccntributions to the various sec-
tions have been credited on the previocus page, it should be recognized
chat many contributions have been made by these individuals to chapters
octher than chose to which they are major contributors. A number of
individuals who have contributed to various sections may have been
inadvertently omitted. An attempt will be made to rectify this ocis-

sion in the final report.

Due to the time duration from initiation of the contract to pre-
paration of this report, the mathematical derivations in various sec-
tions, particularly if chey are original, should be considered as not
being in final form. Some of the models developed for biological

systems will require refinement.

The authors wish to thank the many individuals who have contribuced
their ctime and effort towzrds this reporct. In particular, they wish
to thank Miss Angela Reid, Mrs. Patricia Brown, Miss Grace wood, Miss
Joan Liguori, Miss Sandra Taylor, Miss Avril Gozna, and Miss Linda Law

for their devoted secretarial assistance.




Note on Content

This review of the literature on biological effects of laser
radiation was submitted to the U. S. Air Force Missile Development
Center, Air Force Systems Command, as part of a management study. It
contains a review of our studies up to and including 1965, which were
supported by the U. S. Army Medical Research and Development Command.
In addition, it includes a review of work by others.

It is being submitted as Volume 1l of the final scientific report
to provide information concerning our research under the contract to
1965. It should be noted that this volume was completed at that time.

Chapter 20, Hazards Due to Light Scattering, was extensively
revised and corrected in subsequent volumes. Since it is not of major

significance in regard to review of our work to 1965, the chapter was

not revised for purposes of this report. A revised version, as submitted

in Part III of the original report in 1966, is included in the addendum.




FREE RADICALS AND ELSCTROM SPIN RESONANCE STUDIES

Several methods have been used to study free radicals. Potentiometric
titration was discussed by Michaelis (1,2). 1agnetic susceptibility tech-
niques are reviewed by Brill (3). The appearzace of the radical can often

be detected colorimetrically or spectrcscopically (2,%4).

Electron spin resonance techniques are presently the most common methods
of investigation (5,6 ~ 9,11). The method is based on exploitation of the
characteristic feature of the free radical: the ungaired valency electron.
The unpaired valency electron has both angular momentuz and a magnetic
doment. A free electron, itself, chould give a single, sharp absorption
line., However,K the unpaired electron in free radicsls will La associated
with one or more auclei. The effect of these nuclei is to perturb the local
magnetic field in which the eleccrom moves. For example, the observed ef-
fect of a proton ccoupled with the electron is tc produce splitting of the
single resonance line; tWo protons will resul:z in a criplet spectrum; a
nucleus of higher order in a more complex spectrum., Other factors modify
the spectrum obtained. The nature of the free radical consequently cannot

be decuced {rom its ZSR specctrum alone.

Free radicals are normally present in many types of tissue. They are
considered as essential intermediates in many metabolic pathways (12,10)
ané have been implicated in carcincgenesis and aging (7). They ocecur during
a aumber of enzymatically catalyzed reactions and are of significance in

shotosynthesis (13).

Zlectron spin resonance signals have been obtained Irom liver, kidney,

heart, lung and adrenal of several species (14). Although not universally




valid, metabolically active tissue such as liver appears to possess a higher

free radical content than less metabolically active tissue. A relatiomship
of free radical content to citochondral concentration has been considered.
The variation in free radical concentration in the rat liver with age has
been studied. Melanin containing tissues yield 2n ESR signal, due to the
melanin. The melanin has been considared zs a semiconductor with bound
proteons serving as electron traps. It has been suggested that melanin acts

as a trap for otherwise harmful free radicals produced.

3 A reversible threefold increase in unpaired electron concentration, on

~ irradiation by visible light of aqueous suspensions of eye malanin, indicates
that melanin may be of importznce in the photoreceptive processes although
not specifically in image formatioms. Artificial znd dried melanin did not

show this effect,

Ia studies on heart muscle mitochondria the definite oxygen and tempera-

ture sensitive ISR signal observed is comsidered as due to succinic dehydro-
genase. Signals have also been measured in other £f1 voprotein enzymes,
including dehydro-orotic dehydrogenase and L2NH-c¢ytcchrome reductase,

Free radicals are of significance in photosynthesis. The lizerature in

this field is vast, and is reviewed by 3lois and Weaver in Photoshvsiologv,

edited by Giese (13). One ESR signal observed on illumination decays rapidly
after the light is turned off, a second residual signal may remain for minutes
or hours. The rapid signal is comsidered as associated with chlorophyll, and
orobably coincides with the primary process of photosynthesis. The origin

of the residual or slowly decaying signal is not well defined.

In some cases, as in the study of some flavoprotein enzymes, the ap-

pearance of an ESR signal does appear to be correlated with the appearance
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of certain optical absorptions that are appareatly characteristic of flavin
free radicals (12). This hzs been considered as due to the fact that the
riboflavin may have accepted an elgc:ron, but is still in close contact with
the donor molecule. Observations of this type suggest that complete reliance
should not be placed on ESR studied for ditermination of the presence of free

radicals

The purpose of the foregoinz discussion is to indicate that numerous
studies have been carried out on Iree radiczls, particularly using electron
spin techniques. Elucidation of the presence of free radicals, their chara-

cterization and quantitation required comsiderable study.

The studies by Derr, Klein and Fine (15,16) on detection of free radi-
cals by electron spin resonance following laser irradiation were carried out
to determine whether free radicals could be produced on laser irradiation.

Characterization of the free radicals was left to future investigation.

An ESR signal was obtained in black mouse skin z2nd an enzyme prepara-

tion, fibrinolysin, following laser irradiatiom at 6943 2. The g value of

zpproximately 2.002 indicated that the signal was probably due to the presence

of frze radicals, The continued presence without deterioration of signal in

irradiated black skin warmed to room temperature Ior 24 hours, would indicate
that the free radicals producad were stable free radicals. The essential
difference between the white mouse skin, in which no ESR signal was obtained,
and black mouse skin is the presence of melanin and a melanin precursor
system., Consequently, the signal observed may have been due to the production
of free radicals in melanin (or in the melanin precursor system), Since all
tissues that contain melanin can yield an ESR signal (12), the undetecta-

bility of free radicals in the unirradiated black mouse skin requires further
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explanation. It may be due to the fact that the concentration of melanin
free radicals in unirradiated black skin was below the threshold detecta-

bility of the ESR system used,

The actual frequency of the spectrometer used by Derr et al, appears
to have been of the order of 30 gizzcycles (15). TFor biological studies,
this frequency wmay prove prefarable to the usual 10 gigzacycle frequency
unit. It may have been desirable .o drovide mare information concerning
the ES2 spectra shown of the various tissu2s, such as vhether the figure
seprasented tissue that vas warmed previous to measurazant or not. Further
characterization of the free radicals produced is desirazble, and comparison
with those observed on heating and ultraviolet irradiation indicated,
Plucking of hair in the black mouse skin previous to irradiation may assist
in determining whether melanin is of significance in the production of
the free radical. The melanin granules may a;: 2s an energy absorption or
transfer ageant with production of free radicals in adjaceat tissue. If
separation of melanin from/the remainder of the tissue can be achieved

with little trauma, this may assist in determining the site or production

of the free radicals.

Turther studies on smaller molecules may assist in determiaing the
zture of the free radical produced on laser irradiation, and possible the
site of photon interaction with the molecule. It is possible that ESR
spectra will be obtained on laser irradiation, whereas spectra may not be
observed on low level irradiatiom at the same wavelength. This can occur
for several reascons. A certain number of free radicals must be present to
be detectable, If the decay time is rapid, then high intensity radiation

may provide a number which are detectable, whereas low intensity radiation
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vould not nrovide tha same concenirution. 7ZVWo »hoton processes dependent
on. intensity may result in Zfree reiical formation, otherwise unobservable,
&= low radiation intensity levels, the effects zre cdue to photon-rolecule
interactions. At high intensity levels, the effects may be cue to the
sroduction of ultrasonic or hyperscaic ZIrecuencies, which can resul: in

the production of free radicals., Some f£ree radicals may bde due to locali-

zad elevation of temperature, The &ifect of general elevation of tempera-

tura of the medium can be reduced by ccoling the sample prior to and during

[f irradiation.
4
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Lasers in Spectroscopy

Two distinct spectroscopic techniqgues have been used by spectroscopists (l).

The high power daensities obtained with a focused G¢-switched laser are being

usad in emission spectroscopy to vaporize microscopic amounts of samples for
elemental analysis. On the other hand, the intense, highly mocochromacic

E laser beam is being employed as a light source for Ruman spectroscopy to study

molecular structure. These two uses of lasers in spectroscopic analysis have

been sucessful because of the rapid progress made in laser technology to darte.

’ The use of the Laser Microprobe in spectrochemical analysis of the elements
is based on che ability of a laser to vaporize material on which it is focused
(2,9).This was observed by W.S. Boyle (3), who demonstrated the formation of
a luminous plume when a graphite target was irradiated with a focused ruby laser.
Similar plumes have been reported following the laser radiation of rmetals (&)
and biological systems (5), and many studies have been, and are being conducted
on the nature of this plume by investigators representing several and varied

poiats of view (5,7,8).

In 1962 Brech and Cross (9) developed the '"Laser Microprooe', one o¢f the
first practical laser applicazions. The instrument 3esigned by 3rech et al,
used a small ruby laser focused through 2 zmicroscope witn a IS5x, 0.25 NA

objective, A sazmple placed at the focal point oI the .iser =as .rraciated,

the high energy deasity vaporizing a small porticnm oI tih. inkiown mataer:adi, 7
the vaporized macerial forming the cnaracteristic pluze. The plume, Iontain- ?
ing atomic gases of the sample, was then furcher exc.-ed by a [ o 2 kv arc

berween cross firing carbon electrodes placed siightly above the sample (1).

The resulcant spectrum was recorded photographicaliy by & specirograph. This

original wicroprobe has gone through several changes 1n des:ign and operational
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improvements including the incorporation of a 2-3 MW, electro-optically, (-

switched laser (10) and more recently the substitution of a 10 MW passive Q-
switched laser.* The latter change was accompanied by the substitution of

air spaced complex lenses for cerented ones (l1l).

This syscem has been used in its various evolutionary phases for 2 number
of spectrochemical analysis of various tissues (11,15), in addicion to metal-
lurgical and geochemical sctudies (10). The first report of tissue analysis
with the laser microprobe unit was by Rosan et al. (12). This group analyzed
rat brain tissue, sliced to 1l00p in a cryotone, dried stained lO0u sections
of elastin, and two types of calculus with the microprobe. Four sections of
rat brzin were analyzed and showed to contain various zmounts of NMa, Fe, Cu,
Zza and Ca (12). Three lOOu sections of pancreas. were analyzed after stain-
ing and produced sizilar spectra, except the pancreatic septum which contained
Be in addition to the other five clements (The Fe line and a single faint Zn
lire in pancreatic acini is very similar to that in the background spectruzm).
A 12w saction of ligamentum nuchae elastin was analyzed and probably contained
Cu, Ca and small amouncts of Fe and Zn, while unsectioned, unzmounted, unfixed
pearly and hemorrhagic periocoatal calculus produced strong lines of Ca, as
well as lines of Cu, Zn and Fe, actributad to biood by the authors (i12). Yo {
attempt was made to obtain quancitacive data; although, the authors believe \
relacive concentrations can be determined to + 207%. The authors state that
2 czater size of 30up and 10'7 go. sample,can be obtained. This seems to be
a very szall diameter in view of the results obtained by researchers working
wich the laser microbeam (see laser Microbeam Section of this report). lMany
speczral lines were, of course, not ana.yzed. Information concerning the
grating used, the spectrograph speed and the slit widths employed would have

been of interest. In a later report spectrograph speed is given as £/22 (1i3),

nnog
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in a2 Wadsworth mount. - Reproducibility presents a problem, particularly since
the laser pulse is difficult to reproduce (l4). The advancages of this laser
spectrograph over standard emission spectroscopy for in vitro sections, parti-

cularly prepared sections requires further consideration.

Rosanr, Brech, and Glick (14,15,16) have discussed some of the prodlems
encountered in the evolution of this new technique and possible solutions to

these problems. A commercial plastic for the sample holder is now in use to

avoid contamination encountered with glass slides (ll). The recent develop-

ment of internal standard methods for quantitacive analysis of histologic

sections has been attempted (14). The mechod coasists of monitoring the g
in Kodak 649-Gd spectrographic film, which has a uniform distribucion of

ag (1.5%) in a gelatin mactrix (13). Sensitivities of the order of 107 ‘1M
Mgty o 10'9M (Cott) can be obtained. This method was required to measure

Cz and Mg in frozen dried sections of human pylorus, 30g ia thickness (14).

dowever, the 107 to 207 variance obtaired for curves of Ca and Mg in con-
. -7 - s

centrations of 10 to 10712u or 0.02 meg/l would seem to indicate that

furcther development is required before the laser microprobe can be considered

a quantiracive tool (l4). It is possible that berter quantitacive results may

be obrained using photoelectric decection, rather than photographic mecthods.

The laser microprobe has been used for a limited number of in vivo spectro-

chemical analyses (14,15). Rosan, et al. gave no indication what elements

were detected in cheir studies (14). Preliminary in vivo spectrochemical

studies By<Fine and Klein on the skin of normal intact black and anite mice
A

and on melanomas in mice, indicated the presence of Fe, Mg, Si, Cu, Ti,
and Ca (15). The relacive position of the corresponding carbon electrodes

had to be modified to obtain satisfactory results. Detecticn of various

010
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elements in vivo on a clinical basis is possible, but the long term effects

of (-switched laser radiation rust be considered before implementation of the

zechod (17).

The laser microprobe may be of value in studies on calcified tissues, bone
and teeth (13,18). Since the laser c¢an volatilize a micro area (5Cu in dia-
meter by 25u in depth) of bone or tooth without difficulty (18), determination
of inorganic elements can be carried out without previous preparation. Studies
have been initiated by Sherman et al. on the concentration of inorganic elemants
present in various microregions of normal and carious teeth, of supragingival

and subgingival calculus, and cortical and trabecular bone (18,1920).

The comparative study of enamel, dentin, carious dentin, supragingival
calculus, subgingival calculus, cervical camentum and apical cementum showed
boch a qualicative and a relative quantitative difference in the elements present
in the various regions (18,20). Of interast was the higher concentration of
P and Mg found in carious dentin than in normal dentin. The findings of
relatively high concentration (1-107%) in one sample of carious dentin and at
lower concentrations in all samples of apical cementum is not well understood.
This was also observed in in vivo spectroscopy (15). The capability of analysis
of microquantity samples of calculus which previcusly required sample pooling
was of interest. Zinc was present in all subgingival calculus analyzed but
in only.l sample of supragingival caleculus. tdowever, information as to the number
of semples analyzed from each area to establish the significance of these
findings would be desirable. Included in these studies were analyses of the rac
mandible, which discloses a variation in the phosphorus and magnesium con-
caentracion between cortical and trabecular bone. Variations in the aluminum
content of the gingiva, and in the magnesiuxm and silica concentrations in the

osseous tissues were found during wound healing in dogs (18,19,20). That
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these results, obtained from specific samples are represcntative of the

average amount of the elcments found in cthe tissue requires further study.

Studies by Lithwick, Healy and Cohen (21,22) on l00u thick, undecalcified
cross sections of dog ferur and human costochondral junction are of interest
in evaluacing the laser microprobe. Ca, P, Mg, Al, Cu, Si, Ti, Zn, F, N,

and trace amounts of Y were detected (21,22).

\ Old and new osteons, interstitial lamellae, hypertrophic cell zone and
- proliferating cell zones of cartilage were anzlyzed. Sixteen to thirty decer-
{‘ wminations per bone section were mada on che average, and the data were analyzad
wich reference to Scandh's wet microchemical znalysis of Haversian Systezs for

phosphorus, nitrogen, and calcium to Haumont's analysis of bone for zinc.

L . The elements Mg, Al, Cu, Ti, Y and Si were consistently found in higher
concantration in young bone than in old bone (21). The authors were unable
to explain the absence of Pb or the low concentrations of P. They considered
the high concentration of the elements Al, Si, Ti, Cu and Zn in young osteons
as compared either to old ones or to interscitial lamellas. Tc be of interest,
! the authors indicated that extreame care in handling the sample was necesssry

to prevent contaminaticn, which of course affects the accuracy of the technigue,

These authors indicate that established standards are necessary for cali-
bration, if the tecbnique is to be considered quantitative. Some orf the bio-
logical studies reported would have benefited by further information conc erning

the spectrograph used. The problems associated with obtaining reprcducable

G-switching require investigation.

' . The spectra published by Ferguson and Nicholls (23) indicate thai a suf-

ficiently intense spectrum can be obtained from the plume of a single




 ~witched pulse, .. & fast, high qualicty spectrograph, such as a Hilger f/4

is used (24). Spectrochemical analysis, using & Q-switched ruby laser as
the only source of excitation (withoutscross firing electrodes) has been
reported. A degree of reproducibilicy high enough to place laser excita-
tion on a par with A-X or D-C arc mechods for quancitative analysis were
obtainad. Ferguson (2,3,7,25) and Howe (26) have observer a number of

molecular bands in spectra using only laser excitation.

 ——
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Microscopy end Hologravphy

The adventages of using monochromatic, coherent light to
obtain Iimproved contrast in interference fringes in micro-
' scopy was proposed by Townes (1), Barnmes (2) discussed the pos-
si‘oilit& of developing a microscope which will allow one to do |
matched spatial filtering in e microscopic system., References
given include that of Vander Lught (3-8). ZExperizents were
performed by Barnes on phase microscopic systems, using & helium
neon beam as a source, Previous studies by Fine and Klein (unpub-
lished data), using 6328 i illucination indicated that this
wavelength appeared to be relatively unsatisfectory for direct
visualization in microscopy provebly because of the decreased
sensitivity of the eye at this wavelength., ZHowever, with the
increasing number of wavelengths available, possible improvements
on direct viewing as well as in the photograzphic improvement iz

contrastdiscussed oy Townes may be obtained.

Applications of Holography

-

The edvent of laser bee.vns-péssessing nigh temporal and
spetial cocherency has given'increasing impetus to holography
studies, originally described by Gebor in 1949 (I)‘ The basis
of this "lenseless photogrepuy"” is the repraductisn of a 3
dizensional image of the originel object in two steps. The
{irst stage 1s the formation of an interference pattern on a
photographic £ilm, due to the interference of reflected (or
diffrected) rays from an ovject, illuminated by & coherent
source with the reflected reference bean obtained from a mirror.

In the second stage, when a coherent beem is passed through this
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photographic film, and observed, en imoge of the scene similar
to that viewed by{binocular vision is ocbserved.
Magnification can be measured in two ways. It can be

obtained by geometrical magmification. 4 portion of a fly's wing

ragnified by geometrical techniques is shown by Stroke (10), A
second method is by irradiation of the scene at one wavelength, and s

then irradiating the interference pattern on the film at a longer

wavelength. In the studies by Cabor (7) a mercury vapor lamp was

[T used as a source, and holograms obtained at these frequencies, Gabor
3

intended to use the technique for improving the resolving power of

electron microscopes. A diverging electiron beam would be used to pro-

P duce the diffraction pattern on the film, The Slm would then be
viewed with visible light resulting irn magnification. e suggested

its apolication to L-ray microscony. ZL-ray microscopy nas not been

feasible in practice because of the unavailability of »nractieal foc-
‘using systems at these wavelengths, The systens nroposed using
holography were, however, ircapable of resolving points less than
10,000 R, as two fringe pattieras of the two points are too closely
scaced for the X-ray plate to recolve. (X-ray wavelengtihs are of the
order of 1 %.)- Stroke and Falconer (€, 9) suggested that this could

—

be overcome by deflecting all the waves diffracted by the object into

a direction where they would make a zero (or very small angle)with the

reference wave, and thus maintain separsbility of the various waves.

Techniques for achieving this effect, and initial experiments are dis-
cussed by Stroke (10). The technique of holography apnlied in the Z-ray

region, may permit three dimemsiomal visualization of macromolecules,

such as cyoglobin, to be achisved in xuch skhorter time than heretofors i

possible.




An excellent, non-mathematical presentation of principles of
holography is given by Leith and Upatnieks (11). Further studies on
holography were diescuassed at the Optical Society of Anerica 1965 Spring
reeting (12-15). Since considerable energy density is required for
suffici.nt exposure of the photographic plate, tiie periods of the
order of minutes are required with oresent day Felle lasers, Hola-
graphy utilizing low power gas lasers are consequently of little value
for motion studies. Holograms made with pulsed lasers (11, may prove

of interest in biology.
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Tissue Culture Studies

Most of the investigations on effects of laser radiation
on tissue culture have been carried out by Rounds et al (1,2,3).
These studies were conducted at 6943 X, ac 3471 : by frequency
doubling 6943 X with an ammonium dihydrogen phosphate crystal and at
5300 X by frequency doubling 10,600 X. Effects of both non-Q-
switched and ()=switched irradiation were investigated. Studies at
10,600 X were not reported. Methods for determining energy and

pover require documentation, to the extent possible.

The importance of pigment and dyes is indicated by the follow=-
ing experiments. At 25 joules/cm2, 1 millisecond pulse duration
{(at 6943 X), tissue cultures of pigmented cells (Negro skin,
pigmented rabbit retinal epithelium, pigmented mouse melanoma),
ware immediately destroyed, while unpigmented counterparts (skia

from a Caucasian donor, retinal epithelium from an albino rabbic,

unpigmented mouse fibroblastoid elements) showed no morphological i
changes for at:least 24 houts post irradiation (1). In a second

report (2), studies at 1,000‘joules/cm2 resulted in immediate cellular

death of pigmented cells, without evident injury to non pigmented

cells at this energy level. Prior staining with a vital dye, Janus

Green, increased the gensitivity of nonpigmented cells to laser

injury. Chick retinal epithelium cells containing more than eight

pigment granules were destroyed, while those with less than eight

survived.




o
At 3471 A, obtained by frequencgy doubling from a Q-switched

laser, cytoplasmic blebbing within ten minutes, followed by death
within seventy-two hours, occurred on exposure of unpigmented cells

at 0.2 joules/cmz. There was no gross evidence of injury on irradie-
ation act 6943 X at 0.8 joules/cmz. In these studies, at 3471 :, and
6943 X, cellular absorption measurements are required to determine

the relative absorptivicy and consequently, the sensitivity of the cell
at the two wavelengths, éince the energy absorption is heterogeneous

throughout the cell, and probably differs in distribution as a function

of wavelength, the problem is complex.

Chick retinal pigmented epithelium cells were destroyed at
o
5300 K, frequency doubled from 10,600 A. The energy and power

levels associated with destruction of these cells would be of interest.

Excised hearts from 3-6 day chick embryos showed slowing of
rate and irregularity of contraction following irradiation at 2.5
joules/cm2 at 6943 X (2). The contractile activity of all three
types of muscle (cardiac,(sméo:h and skeletal) was inhibited by
laser irradiation (2). It would be of interest to note whether these
effects are similar to, or differ from that produced by heat. The
temperature gradient, particularly as a function of time, will be

dependent upon the power levels at which the energy is supplied.

The DNA synthesis of Hela cells was slowed, the proplase duration
of human adenocarcinoma cells delayed, and mitosis of salamander lung

cells stopped without apparent chromosomal injury. The synergistic




effect on a line of human adenocarcinoma cells of laser radiation
at 6943 & in conjunction with cobald gamma irradiation was explored.
Further studies will probably be required to determine whether the
effects are synergistic, Should synergism be shown, it will have

been shown only for the system studied,

Chromosomal alterations have been obtained. Dicentric chromosomes,
chromatid breaks and shift of the modal value for a’.line of rabbit
aortal endothelium from 42 chromosomes to 40 were produced. This
indicates that genetic transformations may result from laser irradiation

o
at 6943 A,

Other studies were oriented towards determining the site and
mode of interaction of laser radiation within the cell, Mitochondia
were irradiated at 5300 & (Q-switched) without significant alteration.
Alteration may have resulted if more energy were used ~ the energy of
the radiation consequently requires documentation., Irradiation of
DPNH together with lactic dehydrogenase at 3471 K caused a 60%
reduction in DPNH formation, whereas irradiation of either DPNH or
lactic dehydrogenase did not affect the subsequent reaction rate.

The effect on reaction rate of combining separately irradiated DPNH
and LDH was not reported, This may be of significance, as it would
indicate whether separate irradiations of both would result In end

products, which in themselves affect the reactioms.

Inhibition of ATPase activity was proposed as a working hypothesis.

The basis for this is presented but may required further documentation.




Although the author considers that the cytotoxic effect

produced by laser radiation is wavelength specific, he probably
means wavelength dependent. He is aware of the physical as well

as the biological complexities of the system undergoing irradiation,
and the necsssity of furthar study to slucidate the parameters of
importance., Studies on threshold determinations would be desirable.

It would be of interest to compare thresholds with in vivo threshold

studies on the eye such as those by Ham et al, at the various wavelengths,

and to determine the relative effect of Q-switched radiation.

Effects due to irradiation with a Mercury arc lamp at 17.9
watcs/cm2 for 10 minutes were carried out and may be significant
per se, but cannot be compared directly with effects of laser
radiation, because of the total energy density (in excess of
10,000 joules) applied with the arc, the lower power level at

which it is applied, and the waveleangth band used.

Determinacion of the relat%ve and absolute absorption of
energy by the cells would be of significance, but is of course,
difficult. This, in conjunction with studies at various energy levels
would permit a determination of two factors (1) the relative sensi-
tivity of pigmented and unpigmented cells to radiation at that
wavelength and (2) the thresholds at which destruction occurs. The
potential cytotoxic effect on unirradiated cells in the vicinity

requires further consideration. ﬁ




In sumary, chromosomal abnormalities have been obtained,
Mitosis of salamander lung cells has been stopped without apparent
chromosomal injury. DNA synchesis has been slowed, Physfological

processes, particularly of the heart and of the intestine have been

affected, The importance of pigmentation has been studied.

Many of the extensive studies discussed were considered by

the author as preliminary at the time of publication, or when
presented in a progress report. It is probable that many of these
studies will be further refined, threshold measurements made, and
the effects compared with those found on in vivo studies, The
author is aware of the in vive studies being carried out, and
correlates the results of his studies with in vivo effects
obgserved, Further attention should be directed to radiation

measurement, Within the limits feasible,

Knowledge of the normal, unirradiated, development of the

cell lines used, is of course, necessary in order to meaningfully
assess the effects of laser radiation on tissue culture, which j

are being intensively and,scientifically pursued by Dr. Rounds

and his colleagues.,
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STUDIES ON INTERACTIONS WITH MACROMOLECULAR BIOCHEMICAL PREPARATIONS
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Interactions of in vitro biologic systems with radiation in the

ultraviolet, visible, and infrared regions of the electromsgnetic spectrum
have been studied at low.power levels (1), The effects of pulsed
irrediation on biological preparations were studied at relatively

high energy density (of the order of 10 joules/cm®). These studies
employed primarily flash photolysis, utilizing the discharge of energy
stored in a capacitor bank through a flash tube. The purpose of the

flash photolysis experimends was to investigate free radical formation,
absorption spectra of excited states, and products formed immediately after
irrediation, Although most flash photolysis studies were carried out in
the gaseous phase, studies on solutions of biochemical preparations have
been reported by Gibson and Ainsworth (2) and Grossweiner and Mulac (3).
In studies on pulsed photoexcitation of ovalbumin by Grossweiner (4) and

by Grossweiner and Mulac (3), broad transient absorption apectra of both

. helium-saturated and air-saturated oval bumin were determined, The

transient absorption spectra of smaller molecules were studied to elucidate
the sites of photon interaction on the macromolecule.

' The development of lasers wade available sources with high-power
densities es well as high energy densities at relatively nerrow bagd widths
as compared with those obtained from flashtube systems. The objectives
of studles on the effects of laser radiation on mecrowolecular preparations
of biologie origiq include: 1. Determinations of changes in bioclogical
activities or in physical;chemical properties and elucidation of pera-

meters affecting such alteratiomns. 2. Zxploration of effects of energy

transfer agents on inducing or altering the interaction. 3. Investigation

-
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of differential interactions with diverse biochemical preparations.
Initial studies were carried out by Klein, Fine, et, al. (5 ) to
determine whether specific effects of biologic significance could bve
demonstrated after laser irradiation of in vitro biologic systems. The
observations made in these exploratory studies provided a basis for further
studies of the interactions of laser radietion with biologic systems.
tudies on the efrects.of laser radiation on macromolecular prep-
arations of biolqéical origin were concerned particularly with components
of enzyme systems and immuno-chemical systems. Eazymatic or immunological
reections can be detected and charscierized at considerably higher levels
of sensitivity than usually attained by chemical or physical-chemical
studies. Subtle changes in molecular conformation mey thus be reflected
by enzymatic and immunslogic methods. The purpose of these studies was
to determine whether laser radistisn could produce functionel or structural
changes in macromolecular preparations and whether these could be demon-
strated Lo bear a relationship to each other. Waile functional changes
were demonstrable by enzymatic and immunchemical techniques in verious
macromolecular preparations £8llowing laser irradiation, chemical and |
physical-chnemical techniques used so far have not been sensitive enough
+5 indicate the specific associated structural changes. It hes been pos-
sible, however, to demonstrate that the functional chenges (and presumably,
+he structural changes) induced by laser radiation differ erm those pro-
duced by conductive neat. This suggests that the interaction of laser

radlation is not due to ordinary thermal factors elone. It further sugzestis
that high intensity radiation such as available through lasers, may offer
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an additional tool for studying properties of macromolecules.

Enzymatic Studies

One of the preparations chosen for these studies (5 ) was & lipase
system, since the activity of tals enzyme can be affécted by éeveral
categories of macromolecules, including the lipase itself, the lipo-
proteins, end albumin or other proteins acting as fatty acid acceptors. ‘
The action of lipase, furthermore, can be assessed by analytical ultra-
centrifugation in terms of changes in the distribution of the lipoproteins
wvhich provides a sensitive means for studying'some aspects of the functional
as well as sfructural characteristics of these macromolecules.

Pancreatic lipase preparations in several steges of purification were
studied. In the less purified form, this lipase preparation contains
other enzymes such as proteolytic enzymes (trypsin, chymotrypsin),amylases,
phosphatases, and verious nucleases. These relatively impure preparations
are suitable for assessing differential interaction of laser radiation with
various enzymes present in the same preparation, Such differential inter-
action between the effects of laser radiagtion on lipase activivy and
proteslytic activity, respectively, was demonstirated. ‘

The coanditions of irradiation described below for the studies on Zipase
(5 ) were essentially the same as those used by the seme authors end their
assoaciates for the investigatisn of osther macromolecules. Such wmodifi-
cations as were made are indiceted in the suxzmaries of the réspective
studies.

Most of the studies reported were carried ocut with a ruby laser operating

-

at & wavelength of 6,943 A and energy levels ranging from 3 to 1CO joules




per pulse with a pulse duration of the order of 1 msec. Exploratory
studies were carried out with pulsed laser units employing neadymium-
doped glcss, opereting et e wavelength of 10, 600 X, at energy levels
exceeding 500 Joules per pulse. Redistion was unfocused or defscused by
sizple lemses to provide spot sizes of 8 o 14 mm. in diameter unless
otherwise steted in the experimentel section. These spot sizes were
usually sufficient to be equal to or larzer than the waximm cross
section of the i;radiated specizen, ‘

Aliquots of macromolecular solutions or suspensions were usuelly
irradiated iz 7-mm. test tubes or cuyettes. The volumes ranged from
0.1 %3 0.5 ml. per aliquot. Wnen larger volumes were required, the
samples were irradiated successively and pooled prior to determinstions
of biologic ectivities or structurel charascteristics, To some of the
preparations e solution of wethylene bdlue was added €o provide final
concentrations of the dye ranging from 0.1% <o 0.0001%. iquots con-
taining methylene blue were compaxed with aliéﬁots of the same prepar-
ation {5 winich the dye had not veen edded. Controls included nonirradiated
specicens, with or withoul methylene olue, and specirmens irredisted in
the ebsence of =ethylene blue; £o which the dye was added immediately
£51lcwing irradizticn.

Lipase preparations were ovtained from hog pancreas purified up to
stace V of the zethod of Basiys et el. (6 ). The lyopailized prepa:L
etion was suspended fn a 0.15 M solution of ssdium phosphote, DH 8.6, 4o

give e conceniretion of 0.001% of the dye. Preparatisms containing

wethylene blue and conirol preparations were irradiated with pulses at
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" at energy levels ranging from 3 to 100 joules; the number of exposures

per sample varied from 1 to 29 et intervals ranging from 5 t2 10 min,
between successive exposures. The rﬁdiation was delivered unfocused et
a distance of 20cm. from the face of the ruby, .

After lrradiation the lipase prep;ration was diluted with 9 volupes
of ouffer to a concentration of 2 wgy., of lipase preparation per ml. of
buffer; aliquots of the latter conéentratian were serially diluted to a
level of 2 gamma\of lipase érepération permilliliter of buffer.

The act}vity of the lipase at the various dilutions was tested for
deturbidification and release of free fatiy acids as previously des-
crived ( 6). The activity of the lipase decreaesed as the total energy
of the radiation was increased in the présence of the dye, while in the
absence of methylene blue changes in lipase activity were not significent.

Icsslhighly purified lipase preparations which contained appreciable
levels of proteslytic activity were irradiated to determine whether
different effects would be produced on the resbective enzyme activities,
Proteolytic ébtivity was not altered by laser radiation ghether rethylere
blue was present or not, Wwhile the lipase activity was feduced or e¢im-“

insted in the presence of the dye.

Lipase contains two essential components, each of which is ipaciive
without the presence of the other, while recombination of the separate
componentsresults in reconstituxian of the origifal level of:activity.

One of these components is labile when kept et 56?:for 10 minutes, or
uore, waile the other component is stable €5 heat at 100° C. for an ﬁour
or longer. Following la;er‘irradiazion, it vas Tound the lipase component-

which is stable to beat at 100° C. had bveen de-activated, while the ccmponen

o
lebile at 56° ¢, 314 not lose ectivity. These observations suggest that
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factors other than the usual thermal effects may be involved in the
interactions of lasexr radilation with lipesc preparations.

Studies on a mu=ber of enzyme preparations were reported by Igelman
et. al. ( T ). The authors found that tyrosinase was not activated by
radiation at 6,943 A in vivo or in vitro, while the activity of this
enzywe is knowq to te increesed by X-rays or uliraviolet radiation. The
other preparations wiaich were studied ( 8 ) in vitro, included trypsin,

T T lysozyce, catalase, pe:xidaée, alcohol dehydrogenase and serum amylase.
Laser radiation at 6,943 Z and et 10,600 X wes used. The energy levels
§f the ruby leser rzdiation was 45-85 joules per pulse in a non-Q
switcnhed mode, and O.5 joules per pulse at a peak power level of 10 Mw
Q switched. Neodymium radiation was non-Q switched at 9 joules per
pulse. The spot sizes or the energy and power densities are not steted.

From 1 Lo T exposures were employed, which persumably were successive,

though the intervals between exposures are not stated.

The only effect noted was a 36-50% reduction in peroxidase ectivity,
which is known {2 be photolabile. The other enzyme activities remained
unaltered. No attermpts were mede o study the effects of laser radiation
in the presence or dyes orurother energy esbsorbing or transfer egents.

The euthors conclude that "if laser radiation of the Lype used ir

these experizenis and under these experimental conditions has e significant

el W1 bl e

icnizing potential, 1t could be expected to affect all enzymes in a fashiosn
similer ¢3 X-ray irradiation" They state, "that this is not the case as
indicated by the results"(i.e. leck of effects),"and i% eppears that this

laser radietion has no unsuspected property that is deleterious o enzyrves .

in general."
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Although the esuthors did not find alterations in specific enzymes

under the conditions stated, their conculsions cannot be extrapolated to
all enzymes, nor to laser radiation (at 6943 X) at all epergy and power
density levels, At high peak power densities, jonization is produced in

air. Free radical formation in bislogical systems including enzywe prep-

.aretions has been demonstrated with a high degree of probability following

laser irradiation (9). Charged particles have been produced (10) by

laser irradiation of biolog;cal paterial., The production of hyper-

sonic frequencies on irradiation of liquids may be of significance in
aqueous enzyme preparations., Since the actions of ultraviolet radlation
(vhich is ionizing) differs from that of X-irradiation, the effects should
not have been commpared to "ionizing" radiation in gener=zl. '

The enzymatic activity of plasmin (or firinolysin) is demonstrable
on a mmber of different subsirates, such as fibrin, other profeins,

(i.e. casein), plasminogen (or profibrinolysin) which is converted (activated)
to plasmin (fibrinolysin), end tosyl argenine methyl ester (TAMe) or other
synthetic substrates, in which en ester linkage is cleaved, The action on
these substrates 1s referred to as fibrinolytic, caseirolytic, activator

and esterase zctivitiles, respectively.

The various parameters of plasmin activity were investigated (5)
£ollowing laser irradiation at 6943 R 1a order to determine whether the
activities of en enzyme preparstion could be differentially altered by laser
irradistion in respect to the diverse substrates upon wnich it acts, In )

addition to being e suitable preparation for these studles, +the general

effects of laser radiation on fibrinolysia were of interest because of the




increasing recsgnition of the physiologic significence and therepeutic

applications of this enzyme system. One of the advences in hematology

in recent years is the realizetisn thot the blosd-clotting system is not
lone responsible for meintaining nemostesis and hemofluidity, but that
other systems such as the retractozyme system and the fibrinolysin system

have to work in harmony with the clotting system to maintain a homeostatic
balance. Since somecof the studies on laser irradiation of fibrinolysin

preparations beer on the complexity of this system, the current status

of the fibrinslytic zechanism is brieily outlined.

+ was sugzested by severzl investigators (11 ) that the clotting
of fibrinogen is a continucus process waich is in dynanmic balance with
the continuous lysis of fibrin. As a result of this balance, a thin,
possibly mono-molecular layer of fibrin is continuously present on the
luminel aspect of the blood vessel well., Hyperactivity of the fidbrinolytic
system may lead to hemorrhegic tendencies; overbalance of the clotting
components and relative hypoactivity of the fiﬁfinolysin méchanism may
result in 2 thiclkened fibrin meshwork which may then tend to trap large
molecules of lipoproteins, thus initiating the formalion of ethersmatous
plaques ( 12 ). The fibrinolysin system is not only of physiologic irpor-
tance, but more recently several of its dembers have entered the thers-
peutic armezentarium. Most human tissues contain activators which are’
able <o convert plasminogen, a normal plaswa component, €90 tﬁe active en-
zyme, Dlasmin, Activators of this system are alsc found in some bacteria
2nd fungi. Plasain is able o digest fibrin and ovher proteins, including
such nonspecific proteins es casein. There are other normal plasma com-

ponents, called enti-plasmins, which ere eble <5 form a complex with plesmin.
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Fibrin can compete for plasmin with entiplasmins, ebsorbing plasmin to
+s surface. (13) This phenomenon explains the specificity of plasmin
for fibrin and the fact that fibrin clots can be dicsolved with doses
f of plasmin which will produce little change in other clotting factors
and plasms proteins.
Astrup (14) in explaining the mechanism whereby SK (streptokinase),
a vacterial enzyme, can activate plasminogen, suggested that another plasma
protein call pro-aectivator .is involved, which 1s changed by SK to an
. {: activator, which is then able to ect on plasminogen. Humen blood seems
’ to contain a great deal of this pro:activator, while plasma of & number
of wermals contains much less and some species, for exatple, cattle,
seem t9 contain practically none.
‘. ' A hypothesis has been developed on the significance of the fibrinolysin
system in hemostesis and wound heeling. When tissues aere injured, thrcmbo:

plastins are liberated, partly from the injured tissues and partly from

the platelets which disintegrate on the rough surface of the wound; they
will produce rapid clotting and thus cesaatioh of hemorrhage, AL the saxze
time, tissue activators, which will activate plasminogen, are liberated
from the tissues. Plasmin 1s then edsorbed to the fibrin clot as ‘t i
formed, while in turn any free plasmin will be neutralized by antiplasmins,
Endotnelial regeneration will commence, and soon the continuity of the blood
vessels will be rejestablished. The blood clot will beccme.intravascular
end is responsible for preventing the re-establishment of the circulatbn.,
In the weantime, however, the alow fibrinoslytic effect of plasmin will
result in recanslization and possibly the complete elimination of the clot,
Teleologically the rapid action of the clotiing system and slow ection of’

the fibrinolysin system is readily understandable,
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In addition to its fibrinolytic and caseinolytic activity, plasmin

also hes an esteratic effect and 1s able to split such synthetic esters
as TAMe (tosyl-arginine methylester). If SK is added to human plasmin
ogen, maximal fibrinolytic and caseinolytic activity develops very

rapidly. As time passes, the enzyme acquires an esteratic activity as

well (15).

I increasing émounts of SK are edded to a certain amount of plas:
minogen, the fibrinolytic a‘ctivity first increases until a waximum is
obtained, end further smounts of SK will them be inhibitory, The seme
phenomenon is observed as far as the caseinolytic effect of plasmin 1s
concerped: Namely, th the increase in SX concentration we get first
inereased and then decreased activity. However, if plasmin is measured by
its TAMe estersti¢ activity, the inhibiting effect of high SK concen-
trations does not manifest iiself,

Plasmin is not considered to be a single enzyme; there are several
moleculer species of plasmin which possibly transform continuously into

eech 5the'r. At least three related enzymes - elpha, beta, and gazma
plaswin : have been characterized (16). This may be an analogous situation
©o the ectivation of chymotrypsinogen into chymotrypsin through e

series of wolecular forms,

Aliquots of a 10% solution of plasmin in distilled water were exposed
to laser radiation in the presence and sbsence of methylene blue (final
concentretion of 0.05%). The energy per pulse varied from 32 to 72 joules,
end “rom 1 to 75 successive pulses were delivered at intervals of 5:10 min
as unfocussed radiation at 69L3 X with a pulse duration of the

order of 1 nmsec, The fibrinolytic activity, the plasminogen




activator ectivity, the cassinolytic activity and the TAMe esterase activity

were determined as previously describved (17,18,19). |

In the asbsence of methylene blue the above parameters of plasmin
activity remained unchanged after laser irradietion. In the presence
of methylene blue the activities of the plasmin preparations were decreased
(5,20). After L0 successive exposures at 50 jJoules per pulse, fibrinslytic
activity was reduced to insignificant levels, while appreciable activities
were apparent in determinations of plasminogen ectivator ectivity, ceseino-
lytic activity, and TAMe esterase.activity,

To determine whether these phenomena reflected the effect on the plas-
minogen molecule or extended to the activator, urakiﬁase was irradiated in
parallel studies by Ambrus et 21. (in preparation). In the presence of
methylene blue es the energy transfer agent, the activity of urokinase in
the activation of plasminogen was markedly reduced by laser irradiationm.

In parallel studies (9), it was observed that laser irradiation of
plasmin preparations was followed by the appearance of free radicals, while
radiation of the same quelity did not produce free radicals in g-aumber of
other enzymer~preparations. The relation between alteration of enzyme activity
and free radical formation after laser irradiation has not been investigated.

Calf thymus DNA (125 jig/ml) in the presence of methylene blue (0.125 pg/ml)
was exposed to laser radiation at 6,943 X under the conditions described
goove for studies on lipase preparations. Approximately 20% reduction of
priming activity in a regenerating rat liver-DNA-polymerase system (21) was
observed, No reduction was found in the absence of methylene blye., These

were preliminary findings and require further study.
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tudies on blood grouvp substances

Studies on dlood group substances were carried out In order to ex-
plore whether laser irradiation would alter the specific reaction of en antigen
with a corresponding antibady ( S }. The activity of the blood group sub-
stances was assayed by inhibiticn of hemo-agzlutination (22 ). Commercial
blood group substances A and B were diluted ©o 1:8 or 1:32 with 0.85%
saline buffered to pH T.2 with M/lSO phosphate. The diluted substance was
divided into 2 eliquots, ane.of which was exposed to laser radiation. The
conditions of irra&iation were zs described above for studies on lipase
preparations, except that dyes were not added; the other elignot was re-
tained ot 4°C. as a control.

The degree o: irhibition of hemagglutinztion was determined by ircubeting
0.5 ml. of blocod group solution with 0.5 ml. of commercial anti-A or enti-B
(dilution 1:16) for 1 hour at 25o C. The control for this consisted of
0.5 ml. of buifered saline incubated with 0.5 wl. of dilute antiserum Ior

n

e

1 hour at 25° C. Afier incubation, the mixtures were serially diluted
10 x 75 =m. test tubes., To each tube 0.5 ml. of 2% fresh group A or B
erythrocytes were added. Tubes were shazken and the cell-polysacchride mix-
ture incubated for 1 hour at 25° C. The tubes were centrifuged for 1 min-

ute at 1,000 RFM in an International Model Clinical Centrifuge. Agzlutination
was read za2croscopicelly after shaking tubes 5 times manually. The degree

of irkibition was manifested by reduction of hemasglutination‘t “ers and/or
the agzlutination scores f{rom those =f the controls,

Following laser irradiation, ithe ectivities of the blood group sub-

stences vere found to be increased. The activity of blood group substance 3
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wes more merledly affected, then that of blood group substance A, Heating

of preparations of the blood pgroup substances at lOOo C. for 10 minutes

did not alter their activities. The inhibitory ectivity of irradiated

(and contrsl) specimens in the bems-agglutinatisn test was not significently
tered by diaclysis. The electrophoretic mobilities and the bounderies

observed on enalytic wliracentrifusgetion did nat reveal differences between

irradiated and control specimzens.

Tae irradiation of blood Eroup substences which resulted in an increase
in impmuno-chemical éctivity sugcests thot the number of functional groups
required for the specific interaction of agglutinogen with 1iso-agglutinin
may have been increased. This could have occurred due to fregmentation of
the molecule resulting in the liberation of active groups. Alternately,
the molecular conformation of the blcod group substances may have been altered
in such a menner that previously inaccessible functional groups were reloéated
into positions in which they were available for reaction. Intersction with
laser radiation may also have produced functional groups de novo or des-
troyed en inhivitory activity. Since dialysis of the irradiated specimens
did not elter their activities, relatively large molecules éppear t2 be asso-
ciated with the increase in the egglutinogen activity. Failure t2 reveal
differences between the electrophoretic and ultracentrifugal patierns of the
controls and of the irradiated preparations does not exidude involvement of
molecules, which may have been too large to be dielyzable, but Aot large

enough t2 be reilected by changes in the moving boundaries.
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Studies on gama globulin

Studies on gamma globulins were carried out to investigate the
effects of leser radiation on proteins in regard to protein-protein

interactions (5). Serial dilutions of the laser treated, heat-

treated, or control HGG were prepered in 0.85% saline containing 1:10000
parts of Merthiolate (E1i Lilly). The initial dilution wes 1:125, based .
on the total concentration of protein of the particuwlar serum. Activity
of gamma globulin was deteémined by several methods. The percipitin test
was carried out By placing 2,7 ml. of each dilution of serum in a
haemoscope curvette and recording the photoelectric reading of turbidity.
To each cwrvette was added 0.4 ml. of rabbit anti:HGG serum, Each
curvette, as well as the control were incubated at 37.5°C. Readings were
vade pnotoelectrically at 20, 4O and 60 minutes, respectively, Correction
was zade for turbidity comtributed by dilutions of globulin alone, as .
well as by <the rabbit anti:serum elone, Summation of points of the
precipitin curve were proportional and representative of the curve areas
T the precipitin reactions, The pesk of each curve occurred at %he
optizal proportions (23) of entigen and antibody., To the left of the peak
was antigen excess, <+to the right antibody excess. It was possible to
eveluate shifts to left or right as demonstratiogs of effect of irradiation,
or heat treatment upon HGG antigen.

Laser treated heat:treaxed and control EGG preparations were studied
by immurodiffusion. These preparations were added to5 0.3 al. capacity
wells =o51ded imto 1% Difco Ager in salizne, The reactions wells were

located in a circle swrrounding a 0.3 ml. cepacity well containing rabbit
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anti-EGG., The formatisn, number, and identity of precipitin arcs was
noted at 16, 24, 48, and 72 hours. Photographic record and anelysis of
Drecipitin arcs followed Each experiment,

The microimmuncelectrophoresis techaique of Scheicegger (24) was
employed on standard microscope slides, using Agafor (National Instrument
Company) equipment, A veronal buffer (pH 8.6) was used in the buffer
compertments, Power used was 6 volts per cm. Separafisn vas done at
4ks minutes. The goat anti:human serun ( I.E.P, Hylend) was placed in a
center trough on each diffusion slide after electrophoretic separation of
EGG in the micro-reaction wells, that bracket the trough. After 16 hours
of incubation in a moist diffusion chember, the slides were visuvally in-
spected, Slides were dried and the protein arcs stained with light green

SF dye. Position, shape, and.denSity of protein arcs were analyzed macro-
scopicélly.

In the reaction of antiserum with gezmma globulin, wmeximum precipi-
tation occurred at lower concentrations of antigen (i.e, numan gemm
globulin) when it hed been irradiated, then with the untreeted contrals,
The curves for the reactions at serial dilutions of the irradiated épeci-
mens at constant levels of antibody were shilted to the right of the csn;
trol curves. The irradiated gamma globulin preparations reacted less
actively with rheumatoid serum than the unireated controls while heated
gamrma globulin showed a more intensive reaction. Om gel diffusion and
immuno-electropnoresis there were no apparent differences vetween ir-

radiated and control gamema globulin precipitatisn ares,
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Discussion

The data presented suggest thet interactions of relatively co-
herent, monochromatic electromagnetic radiation at high-peak power with
biologic systems in vitro can result in changes of sod=2 of the properties
of “hese systems. The data are preliminery in that only some qualitative
aspects of the biologic properties of macromolecular preparations were
explored. The desirability of furtter quantitation of parameters of the
rediation, of the interactions, and of the effects on biologic activities
is indicated by these initial e:plorations of the availability of suitable
systens and tue feasibility of ke regnisite studies.

In the studies on partially purified lipese preparations, a reduction
in the rete of lipolysis”was evident. The initial rates of enzymatic
acvivily were considerably reduced following irradiation in the presence
of methylene blue, as compared with the scon-irradiated controls, whether
the lattier contained methylene blue or nst. The addition of methylene blue
resulted in increased absorptlion of the incident radiation. At pulses of
35 Jjoules, aporoximately 14 joules were transmitied in the absence of
rmethylene blue, and no transmissisn of enexgy was detected iz the p;ésence
of the dye. Therefore, a maximum of 35 jouwles could heve been ebsorbed,
less the energy reflected or scatfered vy the system under these e:peri.
zental conditions. Irradiation at higher enerzy levels, at wikiich the
dilference between incident and transmiited energy was grester than 35
Sjoules in the absence of mg‘.:hylene blue, did not re'_sul‘.: in reduction .in
rate of lipolytic activity. This would suggess that methylene blue acts

as an energy transfer agent, waich mzy sensitize the lipese system £o the
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apsorbed energy in eddition to increasing the cmount of cnergy absorbed.

Anstaer possibility is thet the resultants of the interaction of mettylene

blue with high-pesk-power radiation at 6,943 R are gifferent from those
of the components of the lipase preparation.

The lack of overt effects on the proteoslytic activity, present es en
impurity in the lipase prepexrestion, at energy levels at which irradiation
reduces the rate of lipese agtivity indicates differentizl elfects on dif; ]
Terent enzymes. -It has breviously been observed ( 6) that the activity of
pancrestic lipase is heat labile (100° ¢. for 5 min.), while the protesiysic
activity (trypsin,chymotrypsin ) is not reduced under those conditioms.

The exountc of heet that would be produced by the rediation, even ianll the

erergy nad been converted to heat (assuming uniform fewmperatures, i.e.,

] . . . .
87 C., throushout the agueous enzyze prepa:atlon) would not have teen
sufficient o reduce lipase activity to the seme degree as brought about

by laser Irradiation. Transient femperature elevations, however, may have

< L

occwrred without teing dewmonsirable under the conditions of the e:perizents.
These consideraticns, as well as observetions made previously ( 25,26 )
and concurrently (20), suggest the possibility that other than the usuel
thermal effects may be involved in prodgcing changes in the biclogic
activities of macromolecular preparations.

Since the lipase preparstions were not pure, some of the effects ob-

served mzy have been due to changes in one or more of the impurities. Thus
contanminating proteins, waich act as ecceptor proteins for ihe <riglycerides

or {ree falty acids, may have been altered with resultant reduction of

their capacity for lipid acceptance, ternately one or more of the impurities




mey have been converted into innibitors of lipase activity; such changes
would then be indirectly responsible for reduction of lipolytic activivy.

The odbservations on plasmin indicate that laser radiation may differ-
entially g?fect the activities of an enzyme on its different substrates,
This suggests that different activities of the same enzyme wey be affected
to different degrees or in different ways by electromegnetic radistion at
relaltively high energy and power density. These effects may be due to
differential primary interactions with the respective functionel groups
on the enzyme molecule, or to differential secondary effects of the seme
oripary interection., It may also be related to the hetercgeneity of the
enzyme preﬁaration, laser radiation acting more effectively on some members
of & popilation of closely related enzymes,

The initial rates of plasmin activétion were considerably lower *han
those of the _corregponding control preparstions. The rate of the second
phase of activation, which represents a relatiye decrease in fibrinolytic
activity, however, was not altered by laser irradiation., This me2y further
indicate a differential eflect on enzyme activiiy at stages at wnich it is
the limiting factor in the rate of the reaction, as compared with stages
at which other rate-limiting factors predsominate,

Since the plasmin preparations studied were not pure substances, it
is possible that one or more of the activities were associated with com-
Papents other them the {ibrinolytic enzymes. Thus, laser radiastion may
nave resulied in differential interaction with different molecules raﬁher
ttan with different functional moieties on the enzyme molecule, The inter-

action nay also have resulied in changes in configurstion of molecular
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structure, altering the intramdleculer spatial relations rather than altering
the structures of the active sites on the enzyme.

The changes in the Irmunochemical properties of the bload group

2

substances and of the gazma globulin preparations were proaduced at 6,543 &
without the addition of en energy %ransfer egent such as methylene blue,
' At the lﬁw-power levels of stendard spectrophotometers, rediation at 6,943 h'd
is transmitted without any detecteble absorption by these preparatiosns.

'
[ At the relatively higher power levels (10-100 kw. range) of laser radiation,

. ebsorption of energy at 6,943 2 occurs. The fraction of ‘ransmitted
[ -
! energy does not appear to be a linear Tunction of the energy of the inci-
! dent radiation. Thus considerable additional work is needed to determine
the relationship between incidént ané absorved energy at a given wave-
length for “hese cacromolecular preparatisns. Since it appeers tThat the
proportions of transmitted energy vary with different macrcmolecular pred-
arations, it would be interesting to determine whether absorption of electro-
pagnetic radiztion at high-peak powers can be correlated with strucltural
characieristics of the molecule, This may provide further indications of
the relation of structure to function, in addition o the information taal
cey be obtalined from the effects of selective interaction with Ifunctlornael
groups or tue effects of conformational changes on biologic properiies.
The non-linesxity of the relation of transmitted to incident radietica
was further indiceted by solutions of zethylene blue and other dyes.
Standaxrd spectirophnotometric determinations showed various levels of érans-

3
zission by the solutions of the dyes iz the speciral region of 6,543 A. .

The same solutions showed considerably lower prspbrtions of transzmitied
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energy when the inclient radietion was at a power level in the 10 %o
100 kw. range.

Irradietion of preparations of human gamma globulin indicated
differential effects on members of this molecular species., Irradiation
resulted in loss of —cactivity with serum of.patients with rheuzatoid
arthritis, while erexgy of the same order of magnitude, zpplied by
reising the temperat. e, did-not increase the reactivity of the gezma

globulin preperatior in this system. In the reaction with heterslogous

+tibodies to human samma globulin, the ifradiated antigen showed mawdimum

ek

reactivity at lower concentrations (of the aniigen) thex the untreated
controls. Sorme of the irradiated specimens not only reacted maximelly
at lower concentrations, but also showed higher levels of zaximum re- 5
activity than the controls. Irradiation of neterolsgous antibodies to
limulus serum appeared to increase the area of the precipitvin curve, quanti-
tated photoelectrically, in comparison with control specicens. Further ‘
studies are needed to elucidete <he nature of this change. These obser-

yations further suggsest that the interaction of laser radiation witn these

biologic systems was not entirely due to the usual therzal factors. :

- e

teraction of the radietion with acueous systems of macromolecules

pay primerily involve soluté (or suspensoid) molecules rather then the

water molecules, Similar considerations may pertain to dyes in aqueous

solution. Thus, thermal effacts at nigh intensities zmay be relatively ) H

sharply localized to the interacting molecules in az acueous systez. The

usual reactions to generelized hezating of the entire system may, therefore,  °
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differ from the reactions to molecularly localized intgractions.
though the actual energy was not measured in these studies,

relative absorption of energy was estimated on the basis of calor-
iretric meesurements with and without interposition of the saxmple,
Consideration of some of the physical factors involved in the inter-
action is suggested below,

The energy per quentum at 6,943 2 is zbout 2 ev., equivalent to
3.2 x 10712 ergs., equivelent to 3.2 x 10-19 joules, If every mole-
cule in a grem molecule absorbed a photon at 6,943 ii the total amount
of energy absorbed would be of the order of 3.2 x 107 x 6.0 x 1023
Joules per graxm molecular weigat or 1.9 x 105 joules, which wculd ap-
proximate 140,000 cal. per gram molecule.

8

2 3
Since a l-joule pulse at 6,543 A contains 3.1 x 107 quante, &

20 quanta, The macro-

100-joule pulse at 6,943 X would ‘econtain 3.1 x 18
molecules under consideration have molecular weights of the order of 105.
A solution comtaining 10 mg/ml will, therefore; represent an order of
1o'hzg and consequently contain of the order of 6,0 x 1016 molecules/cl.
If the quantun erficiency approached 1, then all the atoms would be‘
excited by a 100-joule pulse at 6,943 3.

If the quantum efficiency of tke interaction is 0.0CQL, (0.01%) for
a specific reaction, then the per cent of molecules altered will ve of

20 - 2
x 10 h)/(6 x 10‘6) x 100% or 50% assuming single

the order of (3.1 x 10
photdR dngle molecule interaction, I the lifetime of the excited state
was of the same order of magnitude as the duration of the pulse, then

teraction between excited molecules could be consideravle, Zvena if




the lifetime of the exé¢ited state is several orders of megnitude less

than that of the pulse duration, a considerable number of molecules
will still be in the excited state at eny one time end inferactions,
normally not detected within the limits of chemical determination, may
become cpparent and measuravle by endproduct analysis., !dlecular changes
due to interactions between excited states may consequently be sbteined
beyond those that cauld‘be recognized if. the equivalent energy were
delivered at low-power levels. 3Because of possible trensient ebsorption
spectrae, the possibility of interaction of quanta with excited states

of the atom also exist and may result in a detectable aumber of altered

molecules not otherwise ceasurable.
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The concedpt of combining a2 source of radiaticn with a microscope

o rroduce a ricrogeam to injure or desircy microscopic structures was
first resorted oy Tchakhotine in 1912 (1). TFollowirg the active lead-
ersnip of Tchakhotire a number of investigotors nave erplored the effects
of partizl cell irracdiztion on cellular nhysiology. This work has been
done or various viologiczl systems using ulira-violei, soft X-ray, and
nigh energy pzarticle microbeams witﬁ veam diazmeters coun to 1 p. The
small beam diameter was obtained with z wide variety of optics, in-
cluding nzgnetic focusing of electroms, conventional, and reflecting
ricroscope optics (2, 3).

When lesers became availatle one of the first apnlications con-

sidered for the laser was microsurgery (4). Tails was suggested Tecouse
in theory the bean emitted by a laser could “e coherent and very direc-
tional, having an angle of divergence approaching the theoretical dilf-
raction limit, /’/D, where ;3 is the wavelength and D is the diameter
of the end plate of the laser. Such éirectional coherent energy con be
focused to an extremely smzll spot. The spot size obtainable with the
coherent texn 1s limited only by diffraction. To a good approy*:ation,
tois 1imit is ;5/2, or for a ruby laser with a wavelength of 6943 2 tne
theoretical lirit is amproxdmately 1/3 micron (4).

Iz practice, this limit is very difficult to schieve, as lasers
are not completely coherent and the arez to te irradicted nmust de lo-
cated in the exzct focal nlarne of the lens systen to achieve minircum
spot size. Spotv sizes of 7 M dizzefer nave teen reported (5)« 4 zore

cooplete discussion of the optical nrinciples involved in a laser-micro-
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scope system can te found inpajcrs ty lalt (ind dy Peppers (6)and Finz et~ al (25;.
Te zdvontage of a laser ricroteam sysicm ic the very high erergy
densily vhich can be obtuined over a sma2lld resion. . . The power
density at the focal plane of a laoser-microscove system cormrised of a
Tuby laser with 100 nj., output with a pulse duration of 0.5 milliseconds,
focused through a microscopre o 2 smot 2.5 microns in dianmeter would be
: 9., 2 . . o :
aporoximately 4 x 107W/ca”, The tower dencity for this samue sysienm
focused to a spot 25 u in dizmeter would be approxdrately 4 x 10 ¥, cmz.
Towvmes (4) points out that 2 power denciiy of 1O5H/cn? would have ar

6

electric field strengtn at the focus of about 10" volis/=. Ee indicates

o9 <

that ilonization can be produced zt these power levels at the focus of

“aals

-1

a laser beam. 4 laser microbeznm is comporable in some resnecis o other
types of microbeanms, but differs because of the nossible hich electrical
field strength. However, the field strengih considered is that in
vacuun and not the field strength in the terget.. For exzmple, for a
verfect conductor the field strength within the conductor will e zerc.

Also, the configuration of the time varying field, even in vacuus, is

extrerely complex, and will not ve discussed further at this soint.

Insiruzentation
Bessis and flomarski, working in Paris, had develomed an efficient
uv microbean systoem (7) which they alicred to accom:odate a ruby (89,10)
or neodymium (11) laser rod, The microscowe (fig. 1) used embodies a
vertical illuminator. The object is placed on a dielectric =irror (II).
The aligmment is achieved by observing a second image of the object oy
autocollirmation on the exdi surface (&) of the laser

(
of wnich is controlled by two polarizers (P;) and (P2) and by a guarter
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vave plate (Q) thet is withdrawm during operation. - It is then possible to

localize tihe spot for the alismment ol ith: apparatus by means of a very weak

mage resulting from the reflection on the cnterior face of the laser. The

(20

laser used by Bessis employs o laser rod only 3 mm. in diameter and 50 =m,
long; thus the beam sroduced ic smaller in cizneter than tiae pupil of the
objectives of the microscove. IThis enztles the whole microscope to be used
to advantage, and the laser is placed in front of the eye piece, The eye ring
is the only factor limiting the beam under these circunstances. The diameter
of the eye ring used by Bessis is dg = 500/6 (H.D.) combined with a 6X ocular
and a 100X objective. Tnis systez diapnragms the laser beam by 1/3 to give a
calculated smot size of 2,5 n, another advantage of Bessis! system is the use
of cl:ised circuit TV to observe the specimen while it is being irradiated. A
16 m=, motion picture carera is also used to provide a permanent, dynamic
record of the experiment, although the camera tube is blocked when the laser
is fired. This system has incorporated in it precautionary measures to Tro=-
tact the investigators Ifrom the hazards of laser radiation. The occulars used
for focusing are equipped with {ilters to nroitect the experimenter in case of
accidental {iring of the loser. 4 similar filter is placed in front of the TV
carera to protect the vidicon tube from damages, Darage to the phosphorescent
coating of tne vidicon tube has been encountered by other invesiigztors using
closed circuit TV in laser research {12).

N

The laser ricrotean sysiem described b Sessis (8§,10) stands as the zost
complete system yvet to be reported in the literature. Unfortunately, thsre is
no mention of the energy levels or energy densities nroduced by ihis sysiem;

consequently, it is difficult to compare the work done in SBessis! laboratory

with results odbtained by workers in other laboratories.
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inother, much simmler, system waich has been used by several diff-

erent groups (15, 13, 14) has bteen developed on 2 com.ercial basis by
T.R.G. This system consists of a triocular Leitz Crtholuw: microscope
combined with a ruby laser mounted verticclly so the laser beam is
aligned with the optical path of the microscope. The laser uses a

ruby crystal 6.25 mm. in diameter ané 37.5 mm. in length. laximum out-
put of this laser is a nominal 100 m, joules per pulse, and the duration
is 10~% seconds. Using various combinations of oculars and objectives,
Saks has been able to obtain beam diameters from 500 u to 4.3 um (16).
Others using the TRG. sysitem have reportad bezam dizmeters as smzll as
1a (5).

In 2 recent paper (8), N.A. Pepvers of Ontics Technology, Inc.
discussed some of the theoretical and practical aspects to be consid-
ered in the designing of a laser microbeam system for bioc-opticzl res-
earch. One of the nractical aspects consldered.was the damzge thres-
hold of the objective. Damage thresholds of some optical cemonts for
a 200 u sec ruby laser is aboul 1 j/cm;. In this caso, a cemented. ele-
ment objective with a 3 =m® cross section would be dancged by a pulse
of only 30 mj. Therefore, with very powerful hich enerzy laser beams,
a good gquality /1 simple thin leas should be used to ovotain a spot of
about 25 zicrons diameter. On the other haornd, if a radiation spot of a
few microns or less is required, a very intense spoi can be obtained
with a compound microscope and a low energy laser. 4 typical laser
vean of 5 = rad. divergencs can be focused by a 10X eyepiece to a pot

diazmeter of about 125 microms at the focal plane of the objective. A
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1€ otiective ita a niga znutesriecal azerture couli fuzther reduce tze

snot to ap.rovimately 2 m. Such a system with itc emerzy restricted

40 30 =j would give an energy densiiy at ihe grimary focus (Z_) of
- P

aporoxdizately 106j/cm?. The theoretical diffraction lindit can be

o

essentielly re2lized in such a csystexm, il one pinces z2n audliary dia-
nhzagn in the focal plane of the eyepiece, such that the relationship
D<$<Lﬁmin is observed; where D = size of aperture, X = woridng mogni-
fication of the opjeciive, d.j, = theoretical diffraction limit, KHowever,
in this case the aperture recduces the spot size and Ep to relatively
szl values. altermatively, if I is celected such that D)i>]4dmin, the
difi{rzciion effccts are negligible, and toth the snot size ond Ep are
considered by tile authors as beinz lorre. -3 is however probable thati
the enrzrzy density in this case will e grecter than vhen D(E(Ldmin.
Hdovever, the actual cnersy density may noi te large with ithe saze laser.
The author apoarently does recognize this fact, since ne states that a
comprorise must be achieved for vhich relatively nigh eferpy densities
czn te achieved for relatively s-2ll spot sizes.

.ita <hese principles in nind, a laser nicrobeam systen was con-
strueted employing a pulsed ruby laser mounted on a dilfrzction limiied
iicrescope. Thne laser uses a ruby crystel 6.35 ==. x 76.2 =x. and haos
< pulse duration of 0.2 milliseconds and a asdiomn enercy outputb of
J.5 joules per pulse., The microscope is an ordinary =orocular =icro-
scoze with a 15 layer dielectrie limitins zperture ot ihe secondary
Jocug of the objective. A variable iris diapnragnm is niaced in the
vo elizdnote un-

foczl plane of the eyepicece as an adjusicble aperiure

necessary radiation from being focused on the limiting dieleciric aper-
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ture. This is accomplished by adjusting the diaphrzgm for each objec--
tive used, such that the back aperture of the objective is just Slly
illumirated by the laser beam. This insures realization of the full
resolving power of the objective, while prreventing unnecessary radia=-
tion from damaging the dielectiric aperture or the objective. For most
of the experiments reported oy Peppers, a 10X eyepiece was combired with
a 50 1 lirmiting aperture and a 40X objective (N.A. = 0.€5) to obtain

& spot size approximately 2 u in dizmeter., This systex only allows
about 2.8% of the original laser beam energy to pass completeiy through
the syster (first aperture with nominal diameter of 1 mm. pesses approx-
imately 4% of enmergy, objectives are assumed to0 trensmit 70% of incid-
ent energy). However, on the basis of the damage to samples, the energy
density of the laser microbeam was esiimated to be of the order of
10%j/m?. This is sufficlent to hemolyze red blood cells, and o punce
ture cell zembranes of various other iissues,

Attempts to combine a laser with a microscope were carried cut by
F¥alt (5, 17) where both a cw gas laser and a pulsed ruby laser were
focused through one ocular of a birocular microscope. The second oculer
was used for focusing, Lang, et al (18) also tried this system; appar-
ently this errangement is not very satisfactory, as both have abandored

it. Various investigators, in their siudies, hoped to take advan-

tage of the nigh degree of coherence, that can be obtained with a cw 4328 2

leser in order 1o obtain a spot size essentially equal to the diffractien
limit (3/2=1/3 u). Unfortunately, the relatively low power outrut of
available cw gas lasers was insufficient to produce any discermsble

cbanges on the various biologicai samples tasted (5, 17, 18).
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Tomberg (1e, 20) used a system cconsisting of a laszer nounted ver-

tically cn top of a microscope tube, to wnich are connected o additioral
side tubes, one containing a viewing ocular, the otier a dosizeter. After
Socusing is completed, a beax splitier in the main tube is rotated, so that
zn undefined part of the energy is zonitored by the dosireter. The exdt
energy, nowever, is znot monitored. The results obLtained with tnis systen,
such as crater ctroduction in a snecimen and clotiing of olood componcnts
are atiributed to "mechanical effccts siiilar to that observed on paddle
vheels of radiometers®, or high eleciric fields. o histological data is
oresented. o information is given is to why the "coagulation" results
are due to high electric fields. Theusuzal clotiing factors are not dis-
cussed.

Complex, high eleciric field:s can te sroduced in vacuo atl the

focus of a laser bezz, bubt rmay not te cisnilicant within tissue, partic-
] v 3 ? =

wlarly sincc scubttering is iorked, and the attenuati.n constant may oe

-

hizh. The complexity of the cozgulaiisn systca precludes its use for test-

ing *this hypothesis., Insofzr as ldneltic efleccls due to 1izht, radliometer

naddle wieels zre not twrned by radiation pressure, waich in general is
2o, Tae myothecés oreseated, therefore, Scar no relaticnship Yo the ex-
merimental resultis oblained.
A laser rderobeam systom emsloying o ruby laser and 2 closed circuit
TV cysiez, available .in Zurcpe, was described by locguin (2%..
Ia 1965 Ramon Szpur, of Spacevays, inc., developed a focusing system
for use with either pulsed or cw lasers, based on reflection rather than

refraction. Two highly reflective =irrors to focus the becm instead of

2 systems of lenses are used (22). Two specially formulated stcinless

steel uirrors provide an average transfer erfficiency exceeding 80i5, accord-
ing to the zanufacturer, The laser beam surikes a conical primary mirror

~d is reflscied oato 2 pcrabolic secondary zirrors which focuces the rad-

izvion vo a 163 u diczeter spot. 2is srstex has an advantage cver a
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rofracting sysiem in that it is zot lizited to the low energy or
power levels that are below the dazage threshold of refractive
paterials, According to the company that tested the instrument (23),
it is also relatively f{ree from chrozatic aberrations which are
corzion to reflective focusing systens.

411 of these laser =icrodveam csystens aave one coumon fealure,
that is, they were designed cnd ceveloped Jor use in biological
research. Another interesting obvservation is that 5 of the 8 systems
centioned were developed Dy coixmercial corporations. This is some
indication of the interest which has been zhown in laser microbean

research in the biological sciences.

Viith the advent of the laser, microbeam techniques, originally
conceived as & tool for the situdying of cellular physiology oy
pariial cell irradiation (1), have tecome of interest to researchers
in many different areas of Blology and Medicine,

2robably the simplest system used iIn what might be considered
as z laser microbeaz study, was reported by Witt, Teed and Tittel (24).
They used a pulsed ruby laser, cutput 1 joule per pulse and »ulse wicdth

oF 1 millisecord, focused thiouch a 32 =m. Sausch and Lomb

aicroscope objective to obtain a spot 100 microns in diameter with an
estimated power density of 707”/cm Tnis was used to irvadiaste 20
adult Jemule spicders. The behavior of ithe irradiated spiders was
“hen followed by periodically photographing and zeasuring the webs

consiructed by these spiders and comparing the webs comstructed after

irrazdiation with those comsirucled before irradistion and wiih +ha webs




13 controls. Histologic sectionc were made of the irradiated area
ol dead spiders, and the lezions exardined microscorically, The spiders
were folliowed for periods of 1 day to 4.5 months, the mean follow-up
tize being 65 days. ZFive of the irradiated spiders died within one weck,
one had leaknge of fluid and the others nad l2siczas of the ocesophagus
and the heart. The laser lesions were similar in gzneral histologic
appearcace to those reported in mem:rals (25, 14) with the signal feature
being the clear delineavion of the lesion from the surrounding health
tissue. The data on wedb construciion following laser radiation was
sumzarized in the following tzble (14).

Permonent distt

llo dis~ | Temmorary (.area of [4nglesSpiral fii
turbanes {disturvancs {length fonly |only

Toreet Death | of webs | of webs only
Abdemen (N=4) 2 0 2 0 0 0 0
Cenhzlothora: (¥=18) 5 2 2 1 0 1 5

nat the laser would be a very useful tool in Tuture

- sa - o
ine authors el

P o] - P
SvuQles OI 1n3ect celavicr,

In nediczl rosearch the loser microteas has oeesn exnloyed by sev-

eral gToups in lhe study of microvascular circulction (14, 15, 26).

P T

¢ co-workers: (14) .. concducted a series of laser

=
n

ine, Ylein, o

oicrotezt emmerinents on microvessels as noxrt of a study on tne effect

of laser radiavion on ithe blood vessels, and possible relationships

zser radiziion

-

between those Interactions and tihe gross effects of
on intact animals,. . The systam they used was 2 100 z=j. (zom=
inzl) TG laser —icrobean sysiez, similar o that described abcve.
flazs of abdominal sidn and exteriorized Qesentery with retention of

blood sugply of anaesthetized mice (Swiss wnite, C57 black) were
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srzdiated’ - at various energy levels., The smallest spot size obtained

2t the Socal plane was approzimately 5 microns in diameter, Some of

the foctors affecting the interaction were the energy level of the rad-

-+

iztion, pover demsitvy at the focal nlere, spoi size, and the diameter

d shape of the blood vessel. atv low 2nergy levels, constriction of

&

“he blood vessel occurred, sersisiing for severzl ninutes. At higher
enercy levels, blood flow within the vessel was arrestied ty the form-
ation of an imtravascular clot; alihough the integrity of the vlood
vassel wall dic not epnear Lo be aliered. 4 further incrcase in ener-
gy caused aneurysmal dilatation at the site of the clot formation.
Interstitial extravasation of blood was ovserved Irom the smoller ~
vessels, and at sites of bifurcation. Iz orelirinary studies on sidn
floos, a G-switched laser directec tarough the microscone produced hem-

)

rather thon thrombosis (27).

Hochen and 3zez alsc used a TIG laser microbeam systen to conduct
a series of experiments on microcirculation (1525,25,29). These studies
were done with a 35X water imzersicn objective, winich produced a spot

5 u in diameter at the Jocal plane., Thae intensity of the laser beaz wes

controlled with neutral density filters of mown iranszission, and was

- E RN

measured with a TPCG ballistic thermopile mounted on the substage of the
microscope. In order to obicin a dymanmic record of the phenonmena ob-

served Jolloving laser irvzcdiction, Hochen and 3zez incorsorated 16 mm,

cinematogranhic facilities into the sysiem (LZ2). This series of exper-

-—

.

izents included studies on e:posed rai meso-appencdix (26), and studies

employing 2 vascular zodel systens (28).




m

The findings of Hocilen and 3azez tere in general agreement with
those reported by Fine and Klein (ij). Kochen and 3zez (26) found that
single laser pulses (0.5 up %o 7.5 mj.) resulted in a prosressive in-
crease in vasomotion and a vascular hyperreactivity to epinephrine.

The hyperreactiviiy to epineparine stizulus increased with increasing
laser energy oulput. 4 single microvessel showed a progressive increase
in reactiviiy reaching a2 peak hyperreactivily in avout 25 minutes after
receiving a single 7.5 mj. laser pulse. These changes in vascular res-
ponse were not accompanied by any discernible vascular or intravascular
rmorphologic changes or thrombus {ormation, However, the injection of
colloidal carbon pariicles into the blood strean reosulied in the cod-
herence o the carbon particles to the endothelial lining of ths vessel
wall in the reglon exposed to laser injury. Laser pulses of higher en-
rgy (7.5 - 15 nj.) resulted in iransient "sticking" of platelets and
lewkocytes at the site of lasing,and ke accunulation of carbon parti-
cles as ouch as 100 microns up s° wean and down stream from the lzsing
site. The depcsition of carbon particles im this 7.5 - 15 mj range
e:ended Irom the inner endothelial surface of the vessel through the
verivascular space 10 the basement zenbrane and perivascular sheath.
The extent and degree of carton zccumulation ap-eared %o be indecen~
dent of the rate of bleoed Zlow.

Laser pulses of 15-30 nj. resulted in maxizmally enhanced vasoe
moticn and was consistently associated wiih the Formation of 2 murul
varcmbus at the site of injury. IZiposure of venules (3040 uw in diam-

ater) to single loser pulses in the 15-30 mj, range resulted in the

@

formation of a throzbus cozposed predominantly of platelets and leuko-
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cytes, vhich often occluded the lumen of the venule., . prozressive
reconalizetion of the thrombus and subsequent dislodgezent of fragments

of cell mass and embolism followed within 2 minutes of meximum thrombus

formation. Iiposure of erterioles (30-45 u diameter) to a laser pulse
of 15-30 zj. intensity, resulted in a sizmilor but nore tronsient acher-
ence znd agsregation of platelets and lewliocytes. Consequently, the
throxzbus had a tenlency to be swedt avey os a microemboius. In neither 1

arterioles nor venules did laser intensities under 15 mj. result in

interstitial hemorrhage or distoriion of tne normal morphology of the

outer vascular wall or surrounding tissue, ‘

Jocusing of a laser pulse of greater than 30 mj. intensity on tke
w21l of an arteriole cr venule resulted in the deposition of a fused
red cell mass on ithe endothelial surface at the site of lasing, the
evolution of 2 gas bubble which quickly disappesred, and the forraotion
of an extensive znd stvable thrombus. Single lassr pulses of 3C-60 nmj,
intensity frequently resulied in localized regions of complete vessel
wall trezidovz and vorying degrees of interstitial hermorrhage.

In an attempt to evaluate the effects of lzser radiztion on the
vessel wall, der ce, and onr tie elerments of the blood, experizents wers
conducted oa two model vasculor sysicus (28)

(1) glass capillzxy tubin: (60 u diameter) perfused with

0.9% saline solution colored sky blue and with heparinized

rat olood.

- (2) isolated, acutely cenervated, T2t mesoapperdix vascul-

ature perfused with zermzlian Ringer's 3,77 albuxmin solution

and heparinized rat vlood,
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~mocure of vhe £lass canillary perfuszed wvith sizy blue sazline colution

~

r sulzo of 20 nj, intencity did not produce any obcervable

change in thae flow characterictics of the saline solution. Glass cap=
1llary perfused with heparinized rat blood esmposcé to a laser pulse of !
siniler intensity (20 mj.) resuited in the deposition of a2 Jused red

cell ress on vhe glass capillery and evolution of multinle gas bubbles.
Zosure of isolaied imescapuexndis vessels to o 30 nj. loser pulse pro=-
cuced no apuarent norphnologiczl change in vessels perlused with color-

less Rinzer's albu—in solution; however, subseguent serfusion with

henzrinized rat blood rcsulted in tiie transient adherence of lsulo=-

cytes and platelets to the sife of previous irradiztion. & single 30 mj.

—

aser pulse produced a stable tThrolbus in isolated zesozpnendix vessels

verfusec with rat blood at the time of irradiation. linen the isolzated
vessels vere perfused with colored Ringer's albwain solution, laser
irradiation produced various degrees of damzge, renging from discreet
cell acherence to complete breckdown of the vessel wall.,

focren ond Bzez cornclucde from their situdies that the vessel wall
ic involved in throvibogenesis, but itic alteration initiating the z2-
herence of blood elements to the vessel wzll is not a2 change in weiia-

011ily. These conciusions seem justilied but not of immedizte signifi-

cance. The authors do point out tihe interesiing fact that the changes

in vascular reactivity liey ooserved zfter laser irradiziior of micro-

vessels were sizilar Vo those observed following ricroelectirical siize R
wlztion of the hamsver cheel pouch vasculature, wiaich also was followed

ty thrombus formation (30). This observation is of irverast, since, in

954
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some cases the electiric field nmoy be of some irmortaonce. rHowever,

determination of the fields in tiesus are not easily carried out, and
ney not corresnond to those obtained by simple calculation for electric
fielés in vacuum, Tais is particularly true since the tissue is not
at the focus, azd ranid defocusing occurs. On the other hand, the
oprosite reaction, relaxation of vessel snooth muscle following ex-
oosure of vessels to light between 250 and 430 mpu in wavelength, has
teer reported (31).

I{ has been renorted (22) that a group of doctors at lMontefiore
Eospital have been investicating the nossible use of a laser bean to
erecie znastonoses in smell vessels. Yhey use a CuSC, solution %o

A

stain the areca of the vessels vhere the vessel union is desired; then

they irradiaie this spot with 2 neodyrmium laser. Hovéver, suff-

icient informoticn for evaluaiing this technigue is not availablie a2t this

tize, except as reported below.

A report by Strully et a2l on these studies has been prescnted (33).

e 2 N - ~1- 3 3 Y Fa] ~a —— cvm
L dozor zn?d accedntor vessel vere clued side ic side. The corzeon vwall
. - D - 3 ] e Taee S - - vy o b ta - 3
vos then erposed to lager radiziion Ty focusing through tie ozen exd

of the donor vessel. There are obvicus problems with this metlod.
Sirce the donor vessel mmust o2 ovened to permit peretration of the vean,
a ¥mife or {ire cautery coulé aave Leen just as readily used to incise
tae vessel wall, At the region of impact, temperature elevation occurs.

~.

Tris will result in throrcbus formation and blood coagulation. The mat-

erial which is removed by the irradistion will result in emboli, 3lood

cocrulation at the site of irradiztion will also result in emboli.
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Athoush the technicue has been presented in the medical precs (32) as
successful, no indication of this iz evident

inile the microbeam is being uced for the first tize in entom-
ology and microcirculatory rccearch, microbewns have been usged for
partial cell irradiation (PCI) since 1912 (7). However, the intro-
ducticn of the laser microbsam has stimulated an unprecedented inter-
est in PCI. '

Bessis and co-vorliers have rade an extensive study of cell in-
jury and cell deatn (1), Using lethal doses of loser radia%iorm, then
following the irrzdiated cell with time-lapse cinematocrapny, a phen-
orenon referred to as “necrotasds® (11) was observed. ~f 2 human red
or white blocd cell is irradiated, as soon as the irradizted cell shows
any sign of alterziion, the surrounding leukocytes travel tovard it,
attacldng and nhagocytizing the affected cell., ZHowever, on occasion
the phagocytizing leuliocytes will onsuze only part of the dead cell
abandoning the remaining portion of cell for some imlmown reason (10,

P e T

) - - N .
. c.a...-—~a i mem A v mem - - Nt s L came
B T p——_— R e e

= -~
S S can — v T T - =
- <

‘o

iy e —

on & diochemiczl basis, as it may yield pertinent information on the

(9

zeneral pheno:.ena of chenotaxic, Zessis has indicated that he has been

N

(53]

exploring the nossibilities of selective organelie destruction via diff-
erential staining o corirol absorption of laser radiation (10). How=
ever, no data nove deen presented to indicate successfud differentizal
steining for desiruction of specific cellular organellss,

Saks and co~-workars at N.Y.U. have explored the areas of micro=-

surgery and partial cell irradiaztion with a 706 "iillileser® zicro-

becn systez. Zarly in 1663,Saks andé Roth (13) remorted their initial
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studies with a laser ricroveam, Taey successfully cade opernings of
anproxdmaiely 25 microns in the cell walls of the alga, Soirozira,
vithout caucing other gross irreversible detage. This facilitated
microsurzery to be performed on some internal structures of the cell
without doing irresairable dazage to tie exterior cell wall. The laser
useé for these early studies had a mexdnunm energy output of 20 noj

per pulse and 2 pulse width of 5 x 107 =4 cecord 5; nowever, even with
these ernergy levels it was sossible, because of the encrgy and power
densitics, to sever the chloroplast nelix, disturb intracellular crys-
tals, and to produce locelized coaguiation of the crloroplasts and
cytoplasn, Leppard, has also been able to remove chloroplasts from

a variety of plant ceils, usiug a similar system (5). Saks and Roth
reported (13) that irradiation of the cell nucleus with an incident
becn enercy of 0.0€ nj ner pulse »roduced no discernible effects, The
focusizg of higher energy laser pulses on the nucleus resulied in
coagulation and a reduction ol zuclear volume. . grossly similar
nuclieer reaction is cauzed by wltraviolet light (34). &zkts and Roth
(13) also found that addition of 2 low concentration (C.014) of ieth-
7lens blue chloride, walchh localizes on the cell wzll, apsreciacly
reduces the enercy required to produce alterzilons 15-25 u in diameter
on the cell wall. Sizilcorly, irradiation of the chloroplast helix with
0.3-0.6 =j recuited in coagulation of chloroplasts and cytoplasm, loss
of turgor nrecsure, and o rouncding of the nucleus.

Additionzal studies corducted by Sals et al (16, 35) have re-

sulted in some impreovements in techrique, and have produced some in-
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ith ineident emerzy of 12.5 rj per pulse ccnsiderably altered th

cell wall at the cite of irrzdiation. This area provided a "window" in

the cell wall throuch vhich sicropipettes could be inserted to inject var-

ious materizls or nerform other :nicros:rgigal monipulations. Frevious-
17, tze cell wall hrad greafly h;::':.ered microsurgical exgeriments on
slant cells. ZIrradiation with 58 objective with a 20X ocular (25)
produced holes in the cell wall of ilivella thus permitiinzg the inser-
tica of a micropipette. (The mechanical withdrawel of the =icro-
sipetie produced more demzge than the lzser beam.) The laser bean
minified by a factor of 145CK in this systex fused 8-16) cnloroplasts
2nd caused only restricted local camage.

The effect of lacer irradiation on [ifella growth rates after re-
ceiving 1, 3, 5, or 7 pulses of 12.5 =j from the incidernt t?ea.m, with
a beax dizmeter of 156 u (19.5 1 in experizent 2) was studied. A sizgle
pulse produced browning ard blackering of cell wall in the target area
sizilar %o that seen in S$nirorrs (13), and chloroplasts were dispersed
or ccagulated in an area about 54 u in dizmeter around the target site,
Cyclosis vias stopped for a neriod of time thel increased witi the nusber
of tizes the [Htella was irrcdiated. In those iitella receiving oanly

single pulse, the cyclosis resumed within 2 to 5 rinules ofter irrad-

&

3]

iation, 2nd in those receiving 7 successive pulsez of laser radia
¢yclosis resumed within 12 to 15 minutes folloving irradiation. The
growth rate ¢l a2ll the irradiazted plants was less than that of the com-

trcls; hewever, the per cent decrease did not correspond 1o the numier

02 irrcdistions.

Laser zicrobean studies on imoeba -wroieus (16, 35) are of parte

icular interest since a nuxber of wliraviolet and high energy =icrobean
O
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studies of imoeba have been resorted in the literature (2, 3). Saks

-~

and his associates irradiated Jimoetz with laser pulses of 20 nj and
100 nj per pulece at nulse revmetiticn rates of 1 pulse per minute and

1 pulse per 3 minutes, with bean di.meters of 500 u, 116 u and about

51 (16, 35). They found jimocba %o be very resistant to laser radia-

tion (18); this alzo occurred with ofzer tyses of radiation (3). Saks

S

reports that following repetilive irradiation of the cytoplasm at 1
sulse per xinute at 20 nj per pulse, the anoebae go tarough a cycle
following each pulse:

1. Brief latexnt or undisiurbed pericd.

2. Inhanced forvard cyteslzsmic streaming

3. ZInhanced reverse cytonlasmic sir ;:lng.

be Idcal chift in sol-zel equilibriux toward solution, referred
to as "hallooning®,

5. Recovery.

Aiverage recovery time was $-9 seconds (16). This description of

the moeka's recoonse Lo laser nicrobean irradiation iec similar to

what reported by LCQQJIOViPe in 1935, after irradiation of Azceba with
his 2800 9 microbeenm (236). iccumuletive changes in the sol-gel state

of asoebze reculted from renetitive 20 =] pulses of laser radistion
(16). This "ballooning® was detectable by the prozressive loss of ihe
ability <o form and rmointain sseudonodia; in all czses the imcebae were
able to recover Ifrom this “bazllooning' chenomeron. 3Salis suggests that
this zecwmulative dannge may indicate thet the lipoproteins and oroteins

of the sol-zel system are practically denziured and accusulata with

e
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Irradiziion of zmoeda cytonlzen with 2 100 mj incident loser beaxm

sl oroduced rapic solution, violent contraction of the wnole

animal, and recovery, i the cyvoplasn was irrzdiated repeatedly with

100 mj pulses there was accuzulative damace. Irecuently, the cytoplasn
target crea was dincned off, end occaziomalily fragmentation of
the z2moeba followed. In aduition, irrzcizilon ol amoeba cytoplasm with
100 nj nulses caused the specific esjectlon o food vacuelss, especially
if the ingested food contzined cnlioronhyil (16). 2. Zuzolo and Salks

have reported (35) that if amoebae are injectad ith microdrogps of min~
eral o0il, olive oil, or olive oil containing Iile Blue Sulfzate znd the
0il drops irradiczied with the 116 u micro-laser-baam, the oil drops are
eguently ejected. However, irrzdiatlion of intracytorlasmic oil lroms

usizg the 20X ocular and 358X objective o coiain a2 minifactiorn factor

of 1450% (i.e., bean Jizmeter approwduately 5 u) did not elicit such

drzstic effects. Trhere wos only an accumulaiicn of crioplasmic debris
at the oil-cyteoplasn interiace, without ejection of the oil &rop. =f

e zmoedae were vitally slodined with llethylene Zlue, or Mile blue

3wilate was microinjected into lne cytovlasa after the oil &rop was

L]
'\J
2]
a
o
o
1)
§ .

U e o 3 ced o e m g 3 e RS -~ KN
ziaching olf cr SJeciion 0l Tne sililied LY OT.ashi and Tllie ITLCIC-0Ld

v—..\-.-..--:

drep (33). The "oinening offM of irradiated cytoplasn: hzs 2lso been

{J
)
—
v
*X
N
.

dbserved following the irradiation of amcebze Witz a uv microbe

. - . P4 = - a2l o - ~a P
Salis and his co~workers (19, 2Z5) also studied <he elfect of ih

laser =icroteanm on ar-octae if only fthe nucleus was irradiaiad, Ze-
pected irradiation of nuclei with 20 ) incident eam vith a 116 u

spot size produced behavier distineily

diflerent ooz those z:oetce

whose ¢ysoplasz was irradiatad., “*rradiation of the nucleus resulied

-71-
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crtopleznic curoarding.,  he innibition of crtonlacmic streaming was

fcllowed by a reverse sranular flow (eyiopnlacnic sirezming onnosite
o thot in non-irvadizted or reocovered ztocbzae). This was followed

p~

shorily ©oF = enhzneed eytonlacmic sircarizs in the orisinal directicn

3 Yo - 3 R . PRI VL2 3 oy ]
or In a differens direciion. <n zddiiioz, colation and spasmsdic
N ; L < - - N - S . - S R -
cyvorplasmic sirearming was svident, ani the rate 2t which the amoebeas

acvanced sseulodcdiz woe reduced., ‘hen irradiation was discontinued,

the amoebze were zble To recover end resroduce, 1D dazsge to the nue-

“aais

leus was -inizal.

Trradiation of nuclei with 3

~ - £, . S - B + -
O i from the incident bLean resulied

(@}

in 2 sudden sIoppaze of cytonlasnic greazing followed by vielent ran-

P

id solation znd contructiion of ine whole amceba, after which the am-

b - - 3 > [P A Y S5 A o~ L - L e ~ .
QEeDC T2CoVereld. JABjJeTludve ILITIIILNUICcn o1 wie nucleus tion Tthe 1 olo; poty]
3 s - e - 3 e I 3 : . T Eas S <
inciaent oenn caustey Irrevercid.ie dannga, L11ls resulicu L2 & ITLITO~

ot

o

sconlsally effzctively enucleated amoeta, alihiough the nueleuz was

gjected by tae zmoeva. The ancobae beecam2 mere snherical, eytonlasmic
girgaming became iinmited, and neeudepcdic were not Jormed. The effecis
e ccIparcl 0 wiose Jollowing enucicatvion witih a micronsedle, 17,

zovever, the zuoebze were vilally slained with lelhylene 3lue, nuclear

s iy e w e - s . A . .
rradiation with the 1C0 j laser micredhean caused tie nuclaus to be

(RS

ejected,
Following successive irradiagtions (1 to 7) of nuvclei anc ciwoplasm
of amoetae at Incicdent ererszy levels of about 1C0 =) =2nd a Zean

- £ - . > - -y \ N o - “ - - .y - < ]
115 u in dizmeter, Irralilated amoebae were clened with nom-irroiiatad




controls, in order to detcomine the elfect of a lacer microteaz on

- 3 o ———y e P P S | T - - : D)
the miotis 2nd srowth rates of amwoebze, In all cases the irracdiated

amocbae showed a decraase in ~fovic ra

coloniss. The za
iaticn, Mive Julses alse resulied in
»ate of iitella (16).

srobean studies on the Lo

carried out by Mine, lein, ang c¢c-wor

olozy and amoeboid moverment of isolated,

o sAans Q -
were not affected by the 8943 L laser ra

-

te as compared to the conirol

;dunm decrease zppeared  after 5 pulses of laser rad-

zosdoun decrease in the growd

ro2d elerents ol the blood

Lerse

iae general morph-

vizble human granulocytes

diation, using a

TRG microscove

iaser system. However, the zdditicn of lethylene blue (fincl concen-

. . -1, : X PR
tration 107%i) merledly alterad itie ef
on the site znd ernergy oi irrszdiziion

solution. were pariially or entirely

nowsver, in ihe preser nce of ieihylene

in frazmentaiion of the platelets accomcanied by vhe release or I

——— - - 3
cranulzr materizl.

3 S
0% o2

rogytes conirzeted into . irregsuwlaxly

Smaemanied . ard even U
Iraguented, and even vwhen

fects of irradiation. Depe

riine
oot

lewtocytes in iethylene blue

[¢]

zrmeoesold movenment wos lost.

t effects fran laser radlaticn;

irradiation rec

blue, laser
rast, isolaled wviable huzi: e

X . £t s
caaned todies 2-5 u in wid

various slanes follewing irrzdiation with the laser zierobeam. T

Cther dota reported by Fine, lein ev 2l

the laser zicrobean irradiccion on 2dli

erythrocytes axe elliptical, cocroxdiate

-

wers who have redorted laser

nts of the blood (8, 6).

-

(14) wes the effect

igztor erythrocytes. £10ig
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cocatain a nucleus, They found tion of only ike cyioplezm

2 affeet cnly the cytoplacn ot the terset site, whlle the nonarrad-

S oy o - - P —— 1 - - P - e ~
izied varic of the eccll remmined rolatively unchanged. In contrast,

irrediziion of the nucleus with The losoer microbeanm cauzed the 2lli-

cator eryihrocytes to conitract into a mmltilobed struciurc adout 1/3

¢

: - L o . : N . P itz oae o~
violent wien the nucleus is irra LLuEL, && QF :JOCGC: Q@ LIToCineiol o1

the cyeeplosn oniy.

B PPN

It Ig coubiful that thesze svulier indiccie that nuclecr integmity
iz gizmificant for zaintaining celluler intessity. Tue differcnce
-4 - S vy o1 3 1w Y - - -t M
in the effecls sroduced is orobosly due o dilferences in the cbsorn-

“g . - P atd I s
SicI cagTacuerlistics Oi uae Viss

the eytoniasmic znd nuclezx coustituents., dlikousk veriousz constitucntis
ooy hove siilor sbsoroulon cheornoteristiics, the relotive comcentraticn
of tnece would offect the total enerzr choorted ner wnit volume., =t

should be noted thal althouzgh beam enersr Leccurciints were made in
soze instazces, actual absorpiion measurements vere not carried out.
insorziiun mecsursmenis would ¢ narticulerly Jifficwdt to carry out
2t =igh peax vower densivies on single cells, zince such factors as
reflectior and seatier must de conzidared. uritherzmors, the hean
seczetry is not comstant, Bul viried markedly, bolh with distance frem
he foczl zoint, and with scatier and alcorstion. The soet sizas dis-
3 must be considered as adnroxdnatz, since it is tazced on eflfecis

sn 2 snecilic materiel that is used zs 2 siandord, 21 probably rep~
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IS iz nrobcble that o core conmnisticated gystem would nrevide a

-

more satisfociory uicrobeam geomeiry for szomez purtoses., The sysiexn

wouls consist of a set of lemses wnich would converge tne bcar into a

f selatively parallel teznm much srzller in diameter than {re or igi.a;
zeaz, and would be independent of thae onitical systex of the micro-
scove. & system of this tyze could iacorsorate eitlier zus, semicon-

éuctor or solid state lasers. It would hove the cdisadvantage that I

,o— =

ener~y cdensity would be constant, wheeas with a focused system, the

{f eperzy danszily can be low relative to ithe energy demsitiy in tne region
p]

of interest. IZowever, since the foczl point of the microscove lzser
(-
2 zysten znd the locztiion of the target co not coincide exacily, the

region of —admum intensity of tie beam is not at the point in focus

¢ through the microscope, and is difficuli to compexnszate for, razidly

2nd easily., & relatively parailel bean of very smzlli cross seciicn

ccavse of

[

-

Izsers nave hean successlly coxbined with micrescones Ior use

in other arcas of viclogical research including the study of cell

~cepiraticn (38), emiryology (839)and emission ssectroscony (40,. Thes

anslicaticne zre covered in sTrezver deteil in other sectlons cf iis

rezort. lLiser-nicroszcope wilis have zlso been developed for such in-

™, cqwndd oo -2 e Ty = reY sl g A= -
Thece wnits are onerational now . Zouwever, such an:zlicaticns, thoush

p—————

idered in detall here. Hazards associzied with these units will re-
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srg thot the lozer-zizrozcodc is o ermperizizniel tool
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the total enerzy incident on tre sammle, and the toval ener:y wvscried
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lascr microbess con 93 o valushl:s tcol, not cnlr in enlooiosy, cuv Lore
i==ortently in the ceneornl arew of anical tehavior, Zizsis studies

(10, 11) on cell injury z2nd cell doatl could srevide inforration on

Py . P 3 T
N8 LCCLZLET CL cllllicuaiise

[P Te 3 - - — T Tl e - Lo AV ey o
Solist worl with Soiros~—o onmé 1iizlla (43 16 aZve 2oLy Leion-
L ] pat-AAar T 1N A2
Qi e a S = . | oo - -t P g < e >y .
strated the uselulnesc of the lizer ~fcerobeis in microsursery. Tae

+

e fnee TN a P ) 3 Sats e
cries By Toame and Dein (14) and S2lic stud-

il S
studies on aliigator ey

i+

es on grosbee (16) zave given oi leazt soz: izdication that soriizl

cell leser irrcodiastion, fo study the imertonce of voricus subeellulor

———a

Wever, no one has yet dencastrated o mezns

organelies, is feasitle.

ol carrying ouv selective destructicn ol srecific orzznelles. The use

of snecific dyes nhas been suzfested (17), but data has not been ra-
soried, Zessisc sztated thal he Ias successfully desirored, iz a sel-
gctive manmer; zdtochondric ofter siainming wdth Janus Teen, and 7oizt
bodies dyed wita liile blue; nowever, ¢ data are yet availanlie Jor evale

uation, Ciher possible.: ans of seleciiwve destructiicn of cell oroon-
elles inciude the uze of loscrs vivk out:uls at sweeliiic Irczusiciszs
corrzesonding to sole absorzticn Sazd of ¢ coround contoinad cnly in
me norticulor e of orzanelle.  sctier pozciTilic whlcolk ghowli ta

<+ A < - 1. - a4 T~ 3 ] n - -l - R < - -
congidered ig the use of polarized laser microteams cxnd tihe ringizles

~ved

[0]

of nhotoselection (43) to icke advantcoge of the Tirelirin-ence cis

: b F sm e K Y 2 - - e - - el A -
L cervoil Trolern (4—'4-/ and in come nuclear UL D Je i TELLULCR O

i

s AAr e -~ Jleciive destruesicn i wounid o D e namaeT A e i
LA CONLCEeDTU 0L SelecCiaVve defulucelll Lo wWolll lJe QI LiTCrest o oy

i

T AL R vyl O2 amrs D aTe R S Aoty P —_— Y A 1

out Turtner gsitudiese to cenfirm Zalist oboervoticn thov vy cmoil Leons, .

o T A ~ A,

)
1
3 or less, zreduce only comfined, localiced dznwegs In the rea ol 2 {
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The lechnicue cowid e of valuce in determining the mechanisz
invelved In the Interzciuion of lascr rzdistiorn with biolegical.
Since there iz a2 good tackzround of microtean research
usizg otiix sowrces of radiztion (2, 3) it cay ke rossitle to
coxzzare the effecis of other tyres of radiatiorn with the elfectis
czused by laser microbsams on selectsd crganisms or cozponenis.
I¢ would also te relaiively sasy to do conparative studies ot 2

cellilar level, The value of nmicroieen studies in elucidating

effects on the intect aniz=al ig pzriially indiceted by the

23

microvescular studies of Kochen and Bzez (25, 23) and Fine, Xlein,

et 22 (14 ), vhich deconsirated the ability of lasers to produce

o

vascular changes, includirg hermorxiage and throzbosis,
The cost of laser =icroteam units for research would vary
between £3,000 and $25,000 depending on the conmplexdity of tae
microscope laser sysiem, and +the associated equipment ineluding . j

microzanipulators, TV vieving facilities, and recordisgcansras,
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Embryology

The blastoderm of unincubated fertile chicken eggs were

irradiated with a ruby laser rated at 0.1 joule output laser

PR

energy by Lang et al (1), The beam was focussed to blastoderm
size by a lens, the focal length of which terminated at embryonic
depths within the eggs. Irradiation of the blastoderm in these
cages required penetration of the shell, shall membrane and
several millimeters of albumin. Following incubation for

22 days, deformities including splay legs, a club foot and
visceral protuberance were obtained, Further experiments were
carried out by windowing the eggs with a sterile cover slip

to facilitate direct focussing of the laser on the blastoderm.
All controls that survived to 72 hours were normal, None of
those receiving 2 shots of the "low energy' beam appeared normal.
Only the heart and associated vessels were identifiable as a
tissue organ system following irradiation, the other embryomnic

structures could be identified only in traces.

These results indicated that teratogenic effects could be
prodqced at 6943 g, at laser power and energy levels. The input
energy to the laser at which'the irradiations were carried out
are listed. However, since lasers have a threshold, and are essent--
ially non-linear insofar as output versus input is concerned, the
energy of irradiation requires documentation, for more meaningful
future studies, There is no ifdication that the refractive
{ndex of the media was taken into account on focusing. The
measurement of scattering in this heterogeneous system is difficult,
Thése factors would affect the energy and energy density incident

on the blastoderm, Since the number of eggs used was relatively




small, the statement that the number of deformities (expressed
as percentage of eggs irradiated) is roughly proportional to
the energy received by the eggs required further data and study,
It. is interesting that at high energies the number of eggs
hatching (45.4%) was almost equivalent to that of the control
50%. At much lower energy output levels the number hatching
was significantly less, 1Its significance relative to the
deformities produced required further consideration., This
was essentially an excellent preliminary report and it is

presumed that more extensive studies will be carried out,
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In the 19th century tWo concepts formed an important back=-

ground for Work in the field of experimental embryology. These
concepts were the concept of mosaic development as advanced by
Roux in 1888 and the concept of totipotency as advanced by

Dueseh in 1894, The first of these led to the studies on
localization and mapping of prospective areas by Vogt 1925 (et al)
while the second led to the production of postulates defining
totipotency., Experimental evidence led to the realization that

a series ranging from absolute mosaic developwment to absolute

totipotency existed rather than either extreme.

Morgan in 1895 found that inversion of the amphibian egg
or removal of the damaged blastomere Would preclude mosaic
development. Studies were conducted by Spemann in 1938 on the
potentialities and interrelationships of the two halfs of an
egg. The emphasis of the studies thus shifted from the potency
to the mechanics of organizaticn during development. Nicholas
and Hall and Tarkawski, carried’out studies on isolation of
macmalian blastomeres, o

Laser studies Were carried out by Daniel and Tajahashi (2)
Fertilized ova from rabbits were flushed from the ova ducts
with F-10 culture medium and collected in sterile watchglasses.
A 2-cell state was obtained at 22 to 26 hours postcoitum a
4-cell stage at 30 to 34 hours postcoitum, and 8-cell state

at 38 to 42 hours postcoitum and a 1l6-cell stage at 46 to 52

hours postcoitum., (Cleavage was irregular after the 4-cell stage),
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The ova were stained with wethylene blue in a concentration of
0.05 mg. per cc. which was previously determined to be nontoxic
to the ova insofar ascleavage is concerned. Pollowing staining,
the ova were washed once in stain-free medium, supported in a
hanging drop of medium, positioned under a microscope, and a
singla blastowere brought intoe focus. Followimg lasing of the
blasctomere, (at 3 millijoules output from the microscope) it

collapsed within minutes into a amorphous mass. Generally,

each blastomere was lased separately. As the zona was not broken,

both the destroyed and the surviving normal blastomeres were
retained within it. Following irradiation, the ova were

cultured in vitro.

Cleavage of the surviving blastomeres were noted, and
followed until controls of unlased ova reaches the 32-tob4-cell

stage. At 8-and-l6~-cell stages, it was difficult to obctain

sufficient isolation between the cells on lasing. In three cases

they did manage to destroy all but one cell in the l6-cell stage.

The output energy was measured with a ballistic thermocouple.

Following irradiation at exit energies from the microscope
of 3 millijoules, cthe unlased cell assumed a more spherical
shape, considered as possibly due to decreased pressure on it
by its coblastomeres. (However, theal:erécion in the chemical,
as well as physical environment must be considered in explaining

this effect).

Cleavage of the surviving blastomeres occurred. The surviving

blastomere in the 2-cell stage cleaved regularly to produce 16 cells
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in the 4-cell stage to produce 8 cells, and the 8-cell stage to
produce 16 cells, but not regularly. In the l6-cell stage, the
surviving blastomere cleaved once in one case, and in the ocher
two cases, twice. With decreased staining or irradiation
energy, a general slowing of the race of cleavage occurred. Ine
bibition of cleavage by visible lighc has previocusely been

reported by Daniel (3).

Attewmpts were made to calculate the temperature pattern
within the cell, assuming a homogéneous energy absorption. The
effects were considered as primarily the..al, rather than due
to electric fields.

The result indicated that a surviving rabbit blastomere
may grow and divide as well in vitro as intact ova. The authors
indicate that it does not show independent.totopotency of one
of the first eight or of the first sixteen blastomeres of the
rabbit. Reference is made to Seidel who has obtained a
narmal viable young rabbit following .transplantation of an
ovum after destruction of one of the first two blastomeres with

a hot needle (4).

The possible use of a laser as a tool in embryology has been
described. It may possess advantages over a hot needle which
has been used for destroying blastomeres. Although alpha
particle irradiation can be attempted, its penetrability is
poor. Ultrasonic radiation probably cannot be easily focussed
to irradiate a small region without damage to adjacent areas.
Since low energy is required, the use of gas lasers may provide

a more satisfactory method, since they can be focussed to a smaller
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spot size, and permit the use of other wavelengths. This may
permit selective destruction without staining, or with lesas

staining than used in the above studies.

T Studies by Edlow et al (5,6) were undertaken to determine -
whether laser induced alterations could be produced in

mampalian embryos and fetuses directly in utero without rupture

of the uterus or leakage of the amniotic fluid, and if this

.___—\

-

should be possible, to characterize the nature of fetal tissue

response to localized injury.

[S— )

Localized lesions were produced in the mammalian rat

PP

embryo and the fetus following focussed laser irradiation
(69433, wmillisecond, pulse duration) through the intace
uterus which was delivered through a ventral abdominal incision.

An intrauterine fetal lesion was produced, although not in all

cases, without rupture of the uterus and amniotic sac, and

without gross leakage of amniotic fluid. In some cases, the

uterus was opened followiang irradiation and the fetal lesion
examined grossly and microscopically. In other instances, following
irradiation late in gestation, it was possible to produce a
.localized lesion in a fetus in utero which was similar to a

lesion observed in one of the litter-mates when the pregnant

animal delivered normally per vaginum 36 hours later. In

some of the embryos, resorption was observed several days

; following irradiation.

Generally, fetal lesions were significantly larger and more

intense than those produced earlier in gestation. Microscopic

examinations of the fetal lesions showed dilaction of vascular

087




-7-

channels with marked congestion and extensive disruption and
fragmentation of fetal tissue. These changes were especially
prominent at the boundaries or surfaces between adjacent and
frequently dissimilar tissues. These included the interface
between cartilage and muscle, muscle and skin, muscle and
subcutaneous tissue, and skin and subcutaneocus cissue. The
latter tissues were most frequently involved. Maximum disruptive
lesions appeared in the plane of the laser beam. Fetal skin

showed no evidence of carbonization. The skin of one fetus,

however, showed epidermal coagulation. The skin of several

others showed intra-epidermal edema with marked pyknosis of

the nuclei of reserve cell layers. All of these lesions were
in the tract of the laser beam. On several occasions, marked
histopathologic alterations occurred in internal viscera in the

path off the laser beam, This involved necrosis of hepatic

parenchymal cells in two fetuses and intense but focal pulmonary

congestion in another.

The importance of factors” such as tissue and organ interfaces
of differing physical and chemical properties and of possible
pressure waves associated with changes in phase within the

-

tissue were considered.

Localization of the site of irradiation presented a
problem. The possibilities of obtaining better localization
especially in embryos, with the use of normal pulse duration
or Q switched lasers coupled throughmicroscopes, with suitable

focal length objectives was indicated.
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These studies by Edlow et al. indicated that production of
localized lesions in a mammalian fetus through the intact
uterus, by laser radiation could be acheived. The comparative
rasponse to local injury by feral, neonatal and adult animals

is of basic interest, and is being currently pursued.

It is not possible to well localize and delineate the
interaction, because of problems of visualization and the
inberent properties of the radiation and target. Measurement
of actual energy and energy densities within the tissues
will continue to present problems. The effect of anaesthesia
must be considered. Localized irradiation and surgical procedures
on the rat embryo in early pregnancy is probably not feasible.
Other mammalian species may provide a better basis £6r production
of localized superficial lesions in the embryo and fetus with

minimal injury to the uterus, ammion and other tissue.

The method may prove superior to that of the hot needle,

if techniques for localization can be achieve. It will have to

be compared with results obtained with ultrasonic irradiation
v

of fetal tissue.
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Studies on intcct animezlis are required for an understanding

f the in vivo interacticn of aany ajzent, whether it be

(6]

physical, chemical or biological in nature, Animal studies
provice dzta wiaich, in addition to their inherent signilficance,
form tae basis for stucies in humans. Further information
concerning the chenomena observed ils obtained by studies

on biological syscems im vitro, such as isolated molecules of
tiochemical siznificance, separated tissue components, or
tissue preparations, a2nd model systems. Studies on experiment-
ally induced patholeozical states, such a2s transplanted tumors
in anizals becore reaningful when compared to studies on che
normal state, as determined by the vivo and in vitro investiga~
tion. Some of the information geined mzy then provide a
backyround for application to clinical problems in man. Then

naw wmodalities become available for pio-ma2dical resezrckh,

oroblexms arise cdue to the lack of background information such

arch. This lack

rn
W

2s 1s availz:rle in establicued fields of res

of informztion zay be more weadily replacad by uniounded

o)

nyro:onzses cien can be introduced inco areas which have bec

it ig more difficult to evaluazte investizacionali approaches
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tive background data
is laciking.

The ciinical scientist is usually unfemiliar with the
seneral aspects of the interactions of physical agents with

biological cystems., The paysical scieatist, in turzn, who has
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nod lizized comtact wiih blolcglcel studies is not cognizant of

the proclems involved inm biclozical zzd clinical research.
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ainizzsl considerasion is.given o pracading orcomcurreant animal

studies. Verbal presencitlons, elther given at meetings or

sciencifié 2digorial review have resultad in the dissemination
oi some but not zll Zfactors associzred with the observacions,
and tiius have provided a basis Zor misincerpretationm. Zvea
when drasenzed cthirough acceep:iadle channals of sciencific.
communications, a more ordarly sequanca of studies would be
desirzble. Thus & :u;be: oI reports on s:udies of laser eff;c:s
on exjzarizencal tumors would hZave benefited Zrom precading or
accempanying scucies on normal animals. ince many experiments
were performed with prototype, unralizble ecuigmant , some

studias were not well controlliad, znd camnot be statistically

evaluatad. Interpratations, exirapolarad from faw cbsarvazicas
=2y b2 lacking in sclentiiic inZormation., The overall eifact,

cursuad as would otherwise be possible zand which may lead co
g P

unjuscifiable hazards to patien:s. .

ure to provide scientific informacion,
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would e uwalikely to kxave produced thae resulzs cescrited above (i.e.
"zhrouyh and chrough tissue dastructicn) it is srobable that the

bezm was focused. Tae pathological chzages in 2 cne hour specimen

urcher informzcion would e c2sirable regardiing

che variations in differenz animals, end vhecher the skin was
shaved or depilzted. The 3ross or microscopic studies of the lesion

immadiately following irradiationm and ar iacervals thozziter would
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¢ &I lnterest. The description ¢f tha one hour spacimen
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flthrough and through dastruccion' describes one aspect of the gross
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In the descripuicn of the microscopic excxzinacion the changes in

the bdlood vessels or the cartiloge znd perichondrium would bde

o interest. These e2rly cbservations (1962) <anpear to be

Belwig et al (20) reported detziled and cz=Uunl histologic-

al studies on laser incuced changes of structure zad anzyme
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exposure was monitored by beam soliccing devices, the fraction
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3 joules focused on amn area 2 i, in diameter of sidn surface re-
wlted in o mariced decrease of SPH, IDH, DFi-dizphorase, and TPi-iia-

norase activities at both the 30 min and 24 kEr intervals that was con-
fined to the zrea of anatomically altered epidermal cells arnd ad-
jacent structwrally norzal cells., The scne ener;y focuses on an

area 4 = in diazeter recsulted in a btroader area of decreased enzyzme
activily; aovever, the decrezcse in activity was notl apparent until

the 24 hr interval and no structural changes were found. The delay

in loss of heat labile enzymatic activities would indicate to the

b

revigwers that this was due to secorndary effects, rather than to
pricary thermal elfects resulting in heat denaturaticn, which should
have been apparent much earlier,
an expostre of 11-12 joules resulted in a loss of enzy=e
ToITeds

activity in the epidermis for SDH, IDH, DPil-diaphorase, and TPil-cia-

phorase at both time intervals, When .the arez of exposure was 2mm

£y

in dizzeter, the decreas ed eng e activiiy was confined to a small
area of the epidermis with an abrupt transition Setween the adjacent
area snhowing relavively sirong activiiy and the zone of édininished
exzyme activity. Then the area of exmosure was 4 o1 in diametler

taere was a focal loss of 3DZ, ITH, DPl-dizprorase, znd TP.-diaphorase
activities in the epiderzis. Zones of structurally zormal cells
naving strong encyme activiiy were interspersed with the areas of
decreased or absent activity. alterations of ITE and G-&2-d activiiies

o

in adzexal structures were ot encountered with azy of the energies

used up to arnd including 12 joules.
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The authors %0 ) believe the laser lesicns sre cormpareble
to thermel injwy in pig siin, This cozparisca and the
equations guoted will be discussed by <le reviewers in another
section of this report.

The agthors sugzest 30 ) that the laser induced lesisns in
the siiin cen bte explained without bringing other physical effects
into play., Tie magnitude of thne predicted therzmal effecis are
further considered as limiting the detectability of other physicel

bloloﬁlc effects, This conclusion is tased on studies at th
enersy and power levels used in the specific system exanined

gskin). t other enerzy and power levels, or in other bioslogi-

/'\

cal sysitems (i.e. Trontel srea of the nead of ihe ususe) other
physical and biological effecis Tecome detectable, wtich cannot
be explained on the basis of The usual thermal factors withoul

change of phase. Consecuasntly, it would not oe possitle 2

"~

o

extend “he thermal hypathesis (even if correctz applied T35 these

stucdies

5, 50 gereral conclusions whlch would be eppliczble to

violozical effects of laser radiation under varied e:mperizental

conditions.

o n
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Detuiled patholegical studics of the effects of laser
racdiation on the sidn axd uxderlying structures of ihe
abdorimel well were reported by Leor, Simpson, idein and
Tine ( 25 ). Their studies cre included in full, since the
putlication which is currently in press will not be avaii-
able for soze itixze.
1ost of the studies (described telow) were corried out
sincle pulses obiained froz muby crystel lasers (9.5 =.
rod diazeter) operating at a wave length of 8943 4, at energy

-

levels of 3-100 joules per tulse and at pulse dwrations of the

@
2.

order of 1 mililisecozd., Correspondingly larger ruby lacser
unite were used at higher ererzy levels. Sorme studles were
carried out with necdymium in glass wnits operzting at a wave
lengih of 10,8C3 3 ané gt energy cultpuvs ranging frem 3C0 o

C0 joculas per pulse. The radiation was unfocussed or Iocusced

- . - —— = Nedd - Fad T = < e T
0 2 et size of -2 ==. at the sidn surface oy a sizple lexs

- ~g - K . Jas an—s 3 e - L R A oz
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attcined with the laser rediation. DILSS ('--'.r‘-'. we, ati v Dy

$ wvarious ases and Soti sexes were used, Tle
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ated chemieczlly prior te irracdiation. The animal was tiexn
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~ounied on an opiticzl benck
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the lens system and the direction of radiasticn. 4 light
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becn was projected throuri the ads of tite lazer crystal
> . . . -t : LI —_— 1

azsist in localizing the irraciation zite on the souse. The

laser 1o target distance wac measured.

- 3 e -ty - Do -
and 2zt intervals thereaftier rzn

There was a mindimam of 4 anfimcls in cazez group (Table I:
Groups 1, 4, 5). Thae anizcls were zulonsied, cuzent Zor 86
irradialed —ice and non-irradigied conirols uiich were lept
for lifc-tize follow wp. Some of the observations (Table I:
Grougs 3, 7, 9) couié not be furiiher pursued as tiey were.
ottained fron exploratory studies carried cut with laser
devices at early protoiyve stazes of cdevelopment, Thecss
devices were prinarily inltended for developmental uses other
than biomedical investigations, Their availability was
therefore lizited. Despite the small nucber of anirals
in these zroups, the infcrmation mot ovicrwise availavble
vas pertinent and is included.

3Since data on thermal injury in —ice was not Teadily
availadle in the literature, 2E lesions were induced oy
zoror binolsr electirocoazulation Jor compasison withn
the effectis of laser radiation. The cautery needle,
through the cidz to the uxderiying lissue, vas apniied
menuglliy Jfor the minizunm possitle tize. Ten ovher lesiozs

were incuced Yy 2 steel rod wiick had tesn kept in toiling




woter prior o epplication or Ty nipetting of boiling water cnto

the suriace of <he skin, An zdditional group of 132 =ice were

erposed 19 o mercwry loxp. (Veter cooled GZ-£E-6 1CCO watt alig

Dressure mercury lamp using the opiical systen of e Ceopicon projector

Shin lesiosns werz visually cxcamined and protograpned periodically,

~

Skin and Izferzzl lesions ware recirded zt cutopsy. lizterial for
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Tontanz stain for melanin, reitlcelin.

oyers hematorylin, Irozen secticzs were cut from scme
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and stained with 01 red 0., Serial sections were not
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zade routinely, but multiple levels were sectioned in the absence of
& gross lesion,
One nundred and ninety mice were included in studies on unfscussed ir-

rediaticn, Immediately Tollcwing ir—adiation 2 slignt discoloretion

49

was seen over an arez oI up 0 10 =, in diameter, correspon

: e am s — s . _—
in zloost 2l mice that had been e:posed 12
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TC-100 joutes. 3elow 70 jowles, Im—eadiszte sross lesioz
2 Zecrzasing proportion of mice, Ilo Immedicie lesions were recoguized
on ross ovsarvaticzn velow 2C jowles, From 300-GCC joules, the lesions
measured adout 13 o=, in digzmeter, corresponding Lo the larger diczeter
T the rod,and congisted of a palelr cuter tore surTounding a2 reddist-
brown arez with central deciructiion of the epidermis, Tre leszisns were

Loy N L < - e 3 3 < - b =, - e -, et
sizilex a2t different anatomical sites excedt that rupture of the siin
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of tre forehecd with emmoswre oFf The siuwll oceurred Iz three 2nimels

seceiving epprowizmately 380 joules at 10,8C00 4 tc this avea,

{ Lfter reflection of ftie siiin, a fow petechiae were seen Stcasiscnally
on the deed surface following irrzdiztion at 20 joules, These wers
oresent more Irecuantly as the enerzy was increaced <o TO joules,

Abcve TO jowles Tuse temorrhages occurred, Above 00 jowrles,
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hezorrhege was ensent frou the central 3-L =i, of the lesisn on th
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nner surrace of the reflecied siin, 3zyond this cree, thers was a
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circular regica of necrosis 5 mm. in width, cepearalted Irom normal Tissue

(-
i by a nemorrhegic ring 1 mm, in wiéikn.

t

, Dilfuse uexmcrrhages wer?2 occasionally seen ia the abdominal and
{ chest wall nusclies at energy levels of less thzan 70 joules znd vere

zlmost present 2bove this enersgy level, The hemorshages invoived

areas uD to 20 r=. in dizmeter, IZven <he tore savere nemsrrhzses did

ot result in ruptwre of the ouscle shezta., AL exerzy levels answve

% - s D A %A T A LAt AAR el Y e < <
300 joules thie lesion of the musewlar layer c¢oincided with corresponding
s 3t -y P S et bl ~ < ¥ - b
zones on the surface of the siin, Tzae dsgree of Recorrhage was act
. B - - - > - - - S pe
constant at 2 given enperzy leval, Lesicne in the wnéerlyins viscers,

: FR) e - - amyes < aca . - 2 PR
espacially the liver, were cometlnes 3sroduced at 20 jcules =i were
h e - - ) 2 mer = M - - S e -~ -~
clmogt alueys resent at 20 joules and above, Injury o sh
= pyede ) ) - v Ve e -~ - - .
intestines and the oroin were usually ressonsidle for death secwsring

. do D2 - D 2 D s 33
a2 the Zirst few QIYS aTeer 1LIILOLlalilh.
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together, attachment of the platysza by loose connective

iscus o
the sheath of the underlyins wuscles appears ©o te lost, Cccasionally
f Dlatysma cells are abnormelly elongated or opparently cboent in tae
" center of the lesion.

-

Tae immediate skin lesion following focussed irradiccion Iz, as

P

exrpected, szaller but more severe than that Tollwring the corparable

:
] ‘ unfocussed beam., A zone of flattiened epidermis is recognicZable

Tollowing tradiation at T joules., Betweer LO and 7O jowles, iotal

-

epidermal necrosk and coagulation of the full thicimess of the dermis

—
]

teccmes increasingly common, 3Between 70 and 100 joules, the lesion

is 3-% mn. in diameter, with a ceniral areaz of total cseguwiziion 2-3 =,

R

agcross. In 2 specimen following irradiation a2t over 300 jouwles, the
area of total coagulation of the skin w@s aboutr 3 ==. in diczeter,
Cther changes were.not satisiact o*llj identified because c<f post-
nortem cnanges.

- In general, the deeper lssions resemble those produced oy tae

-~

corresponding unfocussed veams. A minute lesica in the cubcusazesu

[ %]

~

: tissue and muscle was recognized at Jowles, o lesiziis were Isun

[¢N

{ ; at this level after unfocussed irradiation.
o The hecling process is similer In lesions produced oy Iscucsed
and unfocussed irradiction with comporzble tissue dozoge, Cne doy
alter laser irradiation, healing is alrecdy sccowring. I the mildest

lesions the only evidence of laser injury mzy te hyperplastic epidermal

,._.«q

cells with a thin layer of dead cells on the surface, IU Is proctatle
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inadequete antigenic response to inhibit the remaining tuzmsrs,

iriler phenomezna have teex reported £ollisuwing surgical removal

¢r x-irradiation of a tuzor in enimals with multiple (trancplated)
n2oplaszs, There is no evidence that laser radiation 2lters e

specilic Tumor protein to irnduce a selective artigenic response.

Cirparative Studies.

In viev of the relstive mildnmess of superficial lesioes in
the presence of severe deep-seated lesions fallowinglaser irrediation
of the intact exiral and in view of the discontinuity of the lesions
along the directior iz waich ;- njury had telen place, cezgerative
studies on the direct epplication of conductive heat were
caxried out (15,25). These studies were imitiated since datz
on thermal travzzin m¥ce were not availzble. Iesions were induced -
Dy zZonopolar or bpipolar electrscoasulation current., The cautery
zeedle was applied m2nually throush the skin fo {he underlying
tisgue for the shortest tiz2 possible., Iesions wers zlso induced

Y

by a steel rod which Zad been kept irn boiling water prior to

a2polication or by pigetting of beiling weter onto the surioce of
the skin, ILesicns wers further induced by flash tube irrcdiztion
znd exposure tO a Zareury e, Tae injury produced by electro-

cautery was relatively uniform throughout the affected tissues

2s represented by a comtinusus coggulum elorg the paih of tke

p—t
wn
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cautery reedle, Tae distortion of the epidermis was similar <o
thet found in severe leser injury. The dermis showed hemogernesus

coaguwlatisn, Swelling of the adipose cells in the subcutanesus

layer was mexrked., The muscle ktad lost its striztiosns and vacuoles

vere found within the isecle fibers, The lumipz of the blood
vessels were cont;acted erd erply and thus ha:-dly\ recognizadble.

The chamges following injuries with boiling water or hot
steel showed separztion of the epidermis fron tﬁe derzis without

. expty spaces or spongiosus within the epidermis. The superficial
lesicrps wire relatively mild zmd the muscle layer apgpeared to bve
unchanged,

The anircels whick had teen exposed to flash tube irradiastion
et en:ergy levels up to 5,000 joulés Ter pulse survived these
exposures without appereant ir.ternﬁ injuries. Regrowch of th
bair vas accozpenied by diffuse losos of pigmentation. This wes

in countrast to enimals which had been exposed to laser radiation

in vhick, at coasidercsbly lcwer erergy levels, intermal injuries
were yroduced &“.d depigzantatisa was sharply localized.

Sxposure of the marcwry arc gt 100 watts for 60 seconds (53) )
produced 2 continuous zoz‘.e: of alz=ost total cosgulction wihich externded
tkrough the muscle, The distortion of the epiderris ani epidermal

appeziozes did not seem €5 be zs morked as 2t cooparadhle levels of
At &

laser erergy. Ruptured blood vessels in the rmiscle lzyer which were
prcduced by leser radiation, were not observed Zollcwing —orcwsy
arc Irrzdiation, though the ckhangzes in the ruscle fibers were ccoparzble

in severity.
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The varicus comparative studies failed to induce the differznti

effects on certain types of tissues, which were produced by laser

radiation.
Conclusicas

Purther studies cn animals are required to investigate tke
mechanisms of the interaction of laser radiation and to delineate
bazards, Studies on small animals present data on "scaled cewn®
nodel systens, which were suitable for exploration of the effects
of laser devices wiik relatively low ezergy and power output avail-
able at that tize. Direct extrzpolation of these otservaticns w0
effects of radiation on larger onimals or man at higher energy
and power levels is difficult. Since technological advances have

made nigh emergy and gower levels zvailable, studies on larger

anizals have been izitiated., Cemparative studies withk Q switched

ard normal zode laser sysiems should Te intensively pursued., In

vivo effects and hazards asscciated with gas laser systezs, scme

of which are currently operating at power levels exceeding 20
S &

watts, rsguire exploration. These studies will e of signilicance

in regard ‘o the effects of leser radiation om =zn,
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Tumor Studies

Studies on the effects of laser radiation of malignant tumors trans-
planted to the cheek pouch of the hamster were carried out as part of
initial explatory experiments by Fine, Klein et al (1,2,3) of the inter-
actions of coherent electromagnetic radiation with biologic systems., The
earliest studies (1) indicated pronounced destructive effects on tumors,
while irradiation of the normal cheek pouch, under otherwise the same
experimental conditions, produced relatively minor changes; The differences
in effects on tumors and normal tissues, respectively, were related to
differences in architecture, the nature of the blood supply, and the presence
of pigments acting as absorbents of the radiation. These studies provided
. no evidence that the marked changes in tumors were due to characteristics

of malignant cells per se, as compared to normal cells,

Thege exploratory studies (1,2) suggested, however, that some properties
of tumors were more suitable than normal structures for the investigation of
the interaction of laser radiation with tissues, The relatively large cell
population of tumors is more readily accessible in small laboratory animals
* than normal cell populations of comparable size. Inhibition of growth is
an easily measurable parameter'oé biologic activity. Even a few tumor cells
surviving exposure to radiation, furthermore, would manifest themselves by
growing out to appreciable dimensions. Some components of tumors, such as
pigment in the melanomas, may behave as energy absorption and transfer agents
thus induce differemtial interaction with the radiation (4). Subsequent
studies (5,6,7,8) indicated that extensive damage to neoplastic tissues could
be produced by laser radiation in several transplanted mouse tumors as had

been previoiigsly observed in tumors {n the hamster (1).
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Since these initial studies (1,2,3) the effects of vaiious types of
laser radiazion on experimental tumors and on cancer in patients has drawn
increasing interest., As in any new area of investigation, the effects of
laser radiation on tumors require intensive investigation for a clearer

understanding of the physical and biological factors underlying them. The
possibility of meaningful clinical application of lasers to the managezent

of cancer in humans in particular, will depend on defining indicatioms and

—————

contra-indications. Extensive studies on experimental tumors in animals will

[; furnish some of the information for guiding a justifiable approach to clinical
‘ investigation.
! In most of the studies by Klein, Fine et al (8) pulsed laser radiation

. at 6943 & and 10600 & was used. Energy levels ranged from 10 to $00 joules
‘- per pulse and up to 2000 joules in total energy. Most studies were carrried
out at power levels of the order of 10-100 kw. Successive exposures were

carried out at intervals ranging from 1 sec to several days. Radiation was

focused by simple lens systems or was unfocused. Spot size ranged from
3 %o 14 mm in diameter, Exploratory studies were carried out at 6943 %
with Q-switched radiation at energy levels of 4 joules per pulse and peak
power levels ranging from 50 to 500 M{. The spot sizes were approximately
10 m in diameter, whether the Q-switched radiation was unfocused or de-
focused. Studies were also carried out with an argon gas laser (5100 X)
and a helium neon gzas laser operating at 6328 2 and a nitrogen gas laser

operatiag at 3371 .
k Studies by Klein, Fine, et al (8) were carried out on the effects of
laser radiation in more than 1,000 tumor-bearing animals in addition to norzal

controls and tumor-bearing controls which were not irradiated.




Although Fine, Klein, et al (1) had observed significant effects of
laser radiation on tumors in the hamste.r cheek pouch, most of their subse-
quent work was carried out on tumor-bear. ; mice, The reasons for emphasi-
zing studies in mice were the availabili  of a large number of inbred strains
and established tumor lines in that spec..s. Defined biological character~
istics and considerable background information from the oncological litera-
ture could therefore be utilized. The tumors under study were Harding
Passey and Cloudman 591 melanomas, Ridgway:: osteogenic sarcoma, and LeWis
bladder carcinoma. Transplants were carried out in the following strains
of mice: Swiss (Harding Passey, Ridgway); DBA/1 (Cloudman 591); and
C57/6 (Lewis bladder carcinoma). Irradiation was carried out at various
intervals after transplantation., In several groups, multiple transplants
were syrmetrically located to provide control systems. Irradiation of
tumors was carried out through the intact skin, except for some studies
in which the skin and subcutaneous tissues were incised and retracted to

expose neoplastic tissue directly to the radiatiom.

In an early study (5), four groups consisting of 50 Harding Passey
melanoma-bearing mice were irradiated, The diameter of the cross sections
of the tumor nodules varied from 7 to 25 mm. Group 1l consisted of 18
animals exposed-to a single exposure ranging from 350 to 1,200 joules.
After two weeks, regression of the tumor was noted in 13 animals. Regres-
sions were complete within six weeks, Two of the animals, which showed no re-
gression, had considerably larger tumors prior to irradiation than the
average (25mm. in diameter); three animals died within 24 hours, presumably

due to the trauma of the irradiation.

Group 2 consisted of seven animals exposed to high pulse repetition

frequencies at energy levels ranzing from 1,000 to 2,000 joules. Three of




|

these animals died within 24 hours after irradiation, and all seven were
dead within six days, presumably due to the trauma of irradiation. Necrosis
was more severe in the irradiated parts of the tumors in this group than in

groups 1 or 3. At autopsy, five of the mice irradiated at high pulse

repetition frequencies had extéensive hemorrhages and other injuries in

viscira located deep to the irradiated tumors.

Group 3, consisting of 20 animals, received multiple exposures at

! intervals of 3 minutes; the total energy varied from 10 to 620 joules,

.

Regressions were observed in three animals which had received a total of

r——
—

more than 300 joules, The cross sections of the tumors were less than

10 em, in diamez:er( The estimated depth, to which the tumors extended,

!

ranged from 3 to 7 mm. The course of irradiated tumor-bearing anirmals

which did not show regressions was essentially similar to the course of

,——

non-~-irradiated, tumor-bearing controls.

Group 4 consisted of five animals that received multiple exposures

at energy levels of 160 to 220 joules., Four exposures were carried out
on each animal at intervals of 24 hours. Regression occurred in two
mice in this group; the remaining three animals died due to extensive tumor

growth,

A total of 16 animals had been implanted with two or more tumors;
one tumor in each animal was irradiated. Six of these animals shcwed
regressions in both the irradisted and non-irradiated tumor. In the
‘ rezaining ten animals, both tumors continued to grow and killed the host.
! Regression of multiple implants is known to occur following surgical reszoval
or X-ray exposure of one of the tumors, and is therefore not unique for

; laser irradiation.
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In animals with one or more tumors in which no regression occurred,

irzadiation was followed immediately by a lesion which involved the skin
and underlying tumor tissue. These lesions were 3-7 mm. in diameter and
depth, with a narrower extension for another 5 mm. or more, aepending on
energy and direction of the radiation. For the next 24-48 hours, the size
of the necrotic area of the tumor increased, accompanied by progressive
breakdown of the overlying skin and subcutaneocus tissues. The necrotic
area then became covered by an eschar, which remained stationary or
gradually increased in size until death, The residual, viable part of

the tusor, not involved by the primary effects or by secondary necrosis,

continued to grow at the periphery of the laser-induced necrotic area,

Microscopically the central area of the laser-induced necrosis
differed from the necrosis in control non-irradiated tumors by its relatively
smooth outline due to the absence of the usual perivascular exteasions of
surviving cellé; superficially, changes similar to those in epidermis after
laser irradiation sometimes occurred. Distorted cells surrounding small
wesicular spaces were seen and these retained nuclear staining loanger than

the deeper necrotic areas, which appeared to be due to spontaneous necrosis.

The initial local reaction to the radié:ion appea;ed to be similar
whether or not it was followed by regression. However, after 2-3 weeks,
regression of the tumor was suggested by lack of extension of necrosis and
decrease in size of palpable tumor. Healing with scar formation followed.
3y the time healing was apparently complete, the tumors were no longer
palpable. Regressions persisted during observation periods of more than
24 months. ' The non-irradiated controls and the irradiated tumor-bearing

animals, which had not shown regression, died during the expected period

of tize (i.e. 3 months following implantation of Harding-Passey melanoma).




Biopsies were taken from irradiated sites in 16 anizals with regressed

Harding-Passey melanomas, 1-6 months afrer irradiation., These animals
remained alive except for one animal, Which . <d under anesthesia. 3Biop-
sies of the 16 animals showed microscopic evi. ace of a previous lesion, but
no viable zumor cells. In the sections of si:: zaimals, groups of melanin-
containing histiocytas were present in the subcutaneous tissue. In seven
animals, mild, chronic inflammatory changes were found while in two animals
the only evidence of a pre-existing lesion were areas of dense collagen in
the dermis and subcutaneous Cissue, and absence of the normal appendages of
the epidermis. 1In three: animals, hyperplastic changes were present in the

epithelial cells of the skin appendages.

A group of 35 animals with Cloudman 591 melanomas received multiple
exposures to unfocused fadiacion of 10-75 joules per pulse. Exposures were
at intervals of 24-&8.hours, and total energy levels ranged from 30 to 250
jorles. In one of these animals, the irradiated tumor nodule appeared to
dacrease in size; however, metastatic lesions developed in areas adjacent
o the irradiation site as well as at more distant locations. The course
0f the other 34 animals did not substantially differ from that of the non-
irradiated controls., These observations differ from those of Mintaon et al.
(9) and from the results of later studies by Klein, Fine et al. (10). The
lack of regression in the earlier studies on 391 (Cloudman) melanoma is due |
o the relatively low energy and power levels of the radiation and the large

sizes of the tumors. The advanced stages, at which 391 tumors were irradi-

ated in the early studies by Klein, Fine, et al, (4) furthermore indicated |
that metastatic extension is likely to have taken place prior to irradiation. *
Therefcre, even complete resolution of the primary implant following laser

irradiation would not have effectively altered the course of the disease,
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A group of 22 animals with Ridgway osteogenic safcoma were Irradiated
four weeks after implantation., Eleven animals were exposed to a single irradi-
ation at 100 joules 3imed at the center of the tumor., Regression Was observed
in one animal. The other 10 animals died due to the continued growth of the
tunmor. Seven aninzals were exposed to single exposures at 350 to 500 joules.
Regressions were noted in four animals. Four animals received 10 exposures
at 100 joules per pulse at five minute intervals. Each exposure was directed

to the same area of the tumor., No regressions were noted in this group.

The gross effects of laser irradiation of Ridgway osteogenic sarcoma
were similar to those observed in progression and regression, respectively,
of irradiated Harding-Passey melanoma. 3Biopsies taken from five sites, at
which regression of Ridgway sarcoma had taken place, showed scar formatiom,

chronic inflammation, and histiocytes containing hemosiderin.

Lewis bladder carcinoma was studied in 23 animals. Irradiation was
carried out four weeks after transplantation. Three animals were exposed to
single pulses varying from 900 to 1,200 joules. No regressions Were observed
in these animals, Thirteen irradiated animals received multiple exposures
with total energy levels ranging from 40 to 200 joules. Regressioms occurred
in two anizmals. The other irradiated tumors in this group continued to grow
as in non-irradiated controls until death of the animals. Three animals were
exposed to high pulse repetition frequencies at low enexgy levels per pulse
(zotal energy 300 to 1,500 joules). The animals died within 4§ hours, pro-
Sably due to trauma of the irradiation. Autopsy revealed extensive hexzor-
rhage and injuries to underlying viscera as had been seeniin the norm=al and

Harding-Passey-bearing mice irradiated at high pulse repetition frequencies.

In these studies, except where death was immediate, a primary lesion

was seen immediately after irradiation, followed by more extensive necrosis
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wichia 24 hours. The survival tize of irradiated animals in which no re-
gression occurred was shorter than, or fell into the same range as the survival

zime of non-irradiated controls.

Alcthough information regarding the irradiation energy is given, wave-
length, energy density and size of tumor for each group irradiated is not well
defined. Some consideration is, however, given to these factors in the author’s
discussion. Since the method of energy measurement is not given, it is not
sossible to determine the accuracy of the energy values stated. Although bean
splistars were used to measure the energy, particularly at high energy lavels,
inaccuracies in measurement of high energy levels may have been considerable.
Since high energy irradiation were carried out at other laboratories than
those of the investigators, oiten with protorype equipment, the exact values
given are questionable. The data are, however, stated by the authors as being
preliminary.

These observations (4) were confirmed and extended in subsequent

studies by Klein, Fine, and their associates (8,10) on more than 500 tumor-
Searing animals. It was apparent from these studies that emergy and power

density, size of irradiation field, size of tumor, capacity Zfor local or

"

b

satastatic tuzor gzrowth, stage of tumor development, presence of pigmen
nature of blood supply and anatomical location of tumor were interzelated

-

factors in regard to the effects of laser radiation on normal tissues or
on tumors.

In recent exploratory studies by Klein, Fine, Paamanen, et al, (10),
the effects of continuous radiation in the blue-green region of the spectrunm
cbtained from an arc-n gas laser were investigated in normal mice and tumor-

bearing animals Harding-Passey melanoma, S Cloudman melancma). ZIxposuTe
-4 2 91 Iy

to a pewer output of SW for 5-20 seconds resulted in regression in 5 out of
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10 Harding-Passey melanoma-bearing mice, No regressions were observed in

10 animals wizh S Cloudman melanoma under these conditions of irradiation.
91

Following the initial report by Fine et al. (1,11), McGufsf et al.{12)
Teported studies on experimental tumors transplantad to the cheek pouch of
the hamster, These tumors included carcinoma of the thyroid and breast, and
zelanema of human origin. ZEnergy levels obtained from a Tudy laser with an
output of up to 900 joules per pulse were employed. Complete regression ¢f
the irradizced tumors were reported to follow exposure to single pulses.

-

Control studies ara not presented ia this report (12). These would have
been particularly indicated, since heterologous tusors (human) ia the hamsczer
have 3 high spontaneous regression rate due t» imminogical incompazabilities.
A fev human tumor lines have become established ia the hamster, bdut o state-
cent was made that the tumors used by McGuff et al.(l2) were cbtained from

estadlished lines. 1In a subsequent report, McGufsf et 21.(13) present observa-

ions on tuzmor-bearing animals including non-irradiarted controls. 1In these

(4}

studies, the irradiated tumors underwent regressions, while the non-irradi-
atad control tumors continued to grow. Transplanted tumors of hamster origin
initially induced with chemical carcinogens, were included, presumably to
2void immunological incompatibilities. Since Syrian hamsters (unlike mice)

aTe not available as inbred lines, transplantation of tuzors of hamster

4

origin reduces, but does not exclude the role of inmunological factors ir

h

timor regression. McGuff et al,(l4) subsequently compared the effects o
laser irradiation with those of x-rays (1000R) alone and of xX-rays in cocbina-
tion with laser radiation, The laser irradiated twmors were reported o have

snewn earlier regressions than tumors exposed to a combination of x-radiation

and laser radiation. Tumors expcsed to x-rays alone did not regress, but
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continued to grow at a slower rate than the non-irradiated control tumors,
as expected, since a tumoricidal dose was not used. It is of interest in
this connection that Rounds et 21,(15) concluded that zaoma radiation and

laser radiation acted symergistically in dazaging cells in tissue culiture.

In the studies on tuxmors in the haxmster cheek pouch by cGuii et al

(12) no reference was made to the characteristics of the blood supply. The

(21

blood supply to the cheek pouch, and therefore to the tumors implanted in i
arises from the blood vessels in the bazse of the membrzne, The =ajor dblood
vessels are exposed and as shown in previots studies on the normal cheek
pouch by Fine et al. (1) are subject to serious damage by laser irradi-
ation., It wouid rherefore be izpertant to determine whether the effects of
laser radiation on the tumors implanted in the cheek pouch is due to direct
action on the tumor or to damage of the blood supply which would secondarily
result in tumor death, or to both., There is no evidence of control studies
in the. regorts by.McGuff dealing with the normal (i.e., free of tumor) haczster

heek pouch. The resultspresented by McGuff et al, (12,13,14) do not relate

0

(3J

4

(]
(s}

arameters of the radiation, such as energy per pulse, total energy, spot

ize, etc., with size of the irradiated tumor, The sizes of the tumors irradi-

furthercore are not indicated. It is therefore difficult to zssess
whether only part of the tumor was irradiated, and the remazinder regressed
although it had not been directly irradiated, or whether regression ook
slace as a result of the irradiztion covering the entire area involved by
tuzor. Mo indicatioms are given furthermore of the depth Co which the tumor
nad penetrated., It should also be noted that a zajority of the tumors ia-
plznted in the cheek pouch, particularly those of himan origin, do not
ce=astasize but grow as expanding lesicas. These studies therelore do not

present indicatlons of the effects of laser radiation in regard to advaneing

RT
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or inhidizing the rate of metestatic inve  .zent, It is zossible that laser

irradiztion may result in the separatior vigblie tumor cells, which may then
lezd to dissemination of the tumor. Si. cGuif et al. (16,17,18) carried
cut concurrent studies om malignant tux in man, it would have been import-
ant zo odbtain this type of information 2 animal stuc . ..,

Statistical analyses of this data are neither prasented nor mentioned.

ince the data obtained by McGuff et al. in several of their studies (12,18)

(%}

zre close to the all-or-none type, statistical analysis would have been
particularly meaningful as well as impressive. 2resumably the lack of stati-

stical evaluation may be related to the paucity of control studies presented,

Further data preseated by McGuff et al, (19,20) indicate that complete
vegression of the tumor is identified as a lack of residual tumor cells cn
excisional biopsy. After excisional biopsy has been performed, it is obviously
inpossible to determine recurrence rates of non-metastasizing tumors (as were
the majority of those studied); since recurrence would have to be local. It
is well known that particularly tumors of human origin can remain dermant in
the nazster for up to one year or lomnger. Thus the lack of appareat tumor
czlls does not exclude the possibility of their continuved presence and eventual

reactivation into a zrowing tumor. Since, furthermore, icGuff's data do not

re
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indicate that serial sections or serial blocks were examined, I
to exculde the possibility of residual twmor cells even at the time at which
the biopsy was obtained, regardless of whether aventual recurrence would have
taxen place or not.
The paper by McGuZf et al. in the Annals of Surgery (18) includes the
;ame zazerial as presentad in the Canadian Medical Association Journal by the
o-:r3 {13), although in the former paper irradiation of carcinoma of the

= :tme hamster cheek pouch was not mentioned. Since the methods and
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che discussion in the two papers are virtually the same, as well as the data,

the critique of one of these papers (19) which is presented in another section

of this report will not be repeated here. In brief, however, the statement

‘ is made that 20 different types of tumors were studied in 700 animzls in one

or two anatomical locations. Assuming dniform distribution, an average of

\ 35 tumors of 2ach type (and of uanoted size) were treated with Iroz "60 to

180 joules per burst' with one or more exposures. Taus at least three vari- }
|

zbles would have been studied in 20 aznimals assuming 15 controls were used.

p———

Tais would leave approximately six animals per parameter studied. It would ;

be difficult to see how six animals wWould be sufficient to obtain signifi-

i

cant data on radiation parameter and tumor characteristics. Should more than

— P
.
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one parameter have been varied (no statement was made as to Which of these

zizht have been kept constant), the nucber of combinations of variables would

PR

reduce the number of data to observations on one or two animals for each

experimental condition. |

Of 20 different types of tumors in 700 animals, tWo groups oi animals i

-

are presentad in specific numbers. In the section dealing with "adenocarcinoma
by h ‘IQ

. of hurman orizin'' the nature of the adenocarcinoma is not stated. The range of

' enexgy is stated as ''required’ without indication how this level of energy
was cetermined nor for what effect it was required, Since the nuzber of i
znizals available for this study was 16, it would clearly have been impossible i
to “ezermine seduentially the response to increasing amounts of energy over

that wide a range. The statement is furthermore made that the average amount

of energy "required" was 250 joules per tumor. It is difficult to reccncile

r

nese statements with the number of exposures specifically stated as having

-zen carried out,

In the section on malignant melanoma 3 of 18 irradiated animals died

’ 5y the seventh post irradiation day and tWo wcre animals died by the third




post irradiation week. The causes of death are not indicated, Again the
physical parameter (energy per pulse, number of exposures, cross-section of
the spot size, etc,) and the biological characteristics of the tumor (such as
cross-section, depth, time following implantation, etc.) are not stated, Of
17 animals referred to as controls, five animals were kept for "long time
study" (8% months), but no statement is made as .:to the fate of the other

12 "control' tumors.

Preliminary analysis of the data is stated to indicate that tempera-
tures probably do not exceed 46°C one second after the laser “burst, No

indication is given how these temperature-measurements were carried out.

Several of the observations mentioned in the papers by McGuff et al
had previously been reported by a number of other authors, but are not
referenced in regard to their source, Other observations made by different
groups, which bear directly on the work by McGuff et al, are not referred to

by the authors.

Retcham, Minton, and their collaborators (21) reported studies on
several experimental tumor systems, particularly Cloudman S91 melanoma and
T-241 sarcoma, Their studies explored the possibilities of correlating
probability of inducing regression with the absorption characteristics of
the tumor tissue and the energy density of the radiat?on. An attempt was
made to predict the energy required to destroy tumor. Minton et al (22)
have attempted to relate the energy required to destroy a tumor to tumor
diameter., The relation between tumor diameter and tumor volume is not
discussed. Since the extent to which the tumor is below the surface has
not been related to tumor diameter, the relation of tumor diameter and ctumor
volume has consequently not been established, From the data, therefore, it

is not possible to determine the energy required to destroy a tumor of a

specific volume (size).
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Although Minton et al (23) emphasize the significance of the con- q
sistency of the tumor in regard to the effects of laser radiation, the model i
developed for predicting tumor destruction does not appear to take into :
account the location of the tumor, particularly in regard to whether the under- |
lying structures are hard or soft, Since Minton et al (23) indicated that
other than thermal effects per se, such as pressure waves, are of significance
for tumor destruction,, in agreement With studies by others (4%,24,25), the
site of tumor location and the consistency of the surrounding tissue must be

considered in formulation of an adequate wodel for prediction of the require-

ments for tumor destruction.

P;wer and povwer density, and energy density are not mentioned in the
development of the model for tumor destruction. Since previous studies (25)
had shown that power (and power density) is of importance in the interaction
of laser radiation with biological gystems, these parameters should be con-
sidered in the formulation of an adequate model. Based on relatively few
tumors destroyed (54 tumors) at various energy levels it is concluded that
it is evident there is tendency for the ruby laser to destroy a tumor more
effectively than the neodymium lase; source’”, Since the tumors were located
at some depth below the skin, it ‘is necessary to take into account such
factors as reflection from the surface and interfaces, absorption and scatter-
ing within superficial tissue layers and refractive indices at 6943 & and
10600 & respectively to provide a basis for the above statement, In regard
to the graph comparing the energy absorbed at the ruby and neodymium wave-
lengths by the tissue suspensions, no information is provided as to how these
measurements wWere made, except that a DR-2 gpectrophotometer was used, If
spectrophotometric determinations were carried out in the usual manner,
meagurements of transmission rather than absorption were made, Since a high

degree of scatter is produced by cellular homogenates, no direct relationship
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exiats between transmission and absorption measurements. Furthermore spectro-

photometric measurements on an essentially linear time invariant system at

low power levels cannot be extrapolated to absorption of radiation at high power

densities, as provided by lasers, by time varying systems in which phase trans-

formations are produced.

It is probable that the temperatures quoted were due to direct irradi-
ation of the thermocouples. This problem is discussed in the paper by Nowak
et al (26). Minton et al (22) state that the temperature elevation, as
measured by the thermocouple persisted for less than 1 millisecond. The
established data for thermal conductivity and heat capacity of tissue indicate
that the temperature elevations of tissues would persist for considerably
longer periods. The rapid decay in the temperature elevation Would therefore
probably be due to temperature changes limited to the thermocouples., It is
therefore likely that the temperature of the tissue in the region of the
thermocouple junction was considerably lower than stated. It cannot be con-

cluded, therefore, that evidence for phase transformation Was presented.

The authors (27) suggest that the depth of the penetration of the
laser beam can be controlled more effectibely than that of either X- or
gamma radiation. Factors such as scattering and absorption of energy by

tissues at the various wavelengths require consideration in this respect.

-

The depth to which the tumor has extended requires further considera- -
tion. The extent of a tumor in the animal or in man is frequently difficult
to determine, particularly if penetration into the soft tissues or into a
body cavity has taken place, The depth and total volume of the tumor have to
be taken into account, as wWell as the cross section, which was considered by
the authors in order to establish a relationship between the energy required

and tumor destruction. Predictions of tumoricidal effects is attempted (23)
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on the basis of the nature of the immediate reaction of the tumor to the
radiation. The conclusions were that completely flattened tumors following
irradiation would regress, but tumors in Which a crater had been produced
would not regress. In agreement With others (4), Minton et al (23) did not
find that survival of irrvadiated tumor-bearing animals was increased when
the tumor did not regress. In the paper "The laser, a Unique Oncolytic

Entity" (28), previous studies on experimental tumors are reviewed,

In an investigation entitled, "A Comparison of the Effect of Micro-
second and Nanosecond Ruby Laser Radiation on Rat Tissue and Mouse Melanoma:
A Preliminary Report’ (29), Minton and Ketcham studied the effect of ruby
laser radiation on normal rat tissue and mouse melanoma at pulse durationsc
of the order of several hundred microseconds non-Q-switched and 100 nano-
seconds Q-switched, The maximum non-Q-switched enexrgy of the unit was 30
joules, which was probably the nom-Q-switched energy used in the studies.
The Q-switched energy used was probably of the order of 1 joule. Normal
rat tissue and 591 melanoma-bearing mice were irradiated, The effects on

skin, exposed liver and intrahepatic tumor implants were studied.

-

The non-Q-switched irradiation focused deep to the skin into the
melanoma proper produced perforaéion of the skin and partial destruction
of the underlying melanoma. The focused Q-switched laser beam produced no
apparent effects on the overlying skin. These differences may have been
due to the differences in irradiation energies. Seven days following irradi-
ation, microscopic examination revealed coagulation necrosis in the tumor,

but no skin changes following Q-switched irradiation.

The microscopic sections discussed were obtained five and seven days,
respectively, following irradiation. Since this is ample time for partial

or complete regeneration of damaged epithelial tissue, examination of sections
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at earlier stages 1in regard to lack of damage to epithelium i{s {ndicated.

Little tissue destruction was observed on single irradiation of two rat
livers,non-Q-switched, Microscopic sections taken through the liver showed
cellular cloudy swelling, No effects were cbserved grossly or microscopi-
cally on irradiation of the muscles of the abdominal wall, Single Q-switched
laser irradiation of two rat livers resulted in defects., None were observed

on muscle tissue irradiation.

Exposure to single pulses of non-Q-switched radiation of surgically

exposed S,, melanoma liver implants resulted in partial tumor destruction.

91
The effects of Q-switched laser radiation appeared to differ from the non-
Q-switched irradiation. Defects were produced in the tumor mass, similar

to those in the liver, and repeated Q-switched exposure was capable of
"completely disintegrating small tumor implants'. If the irradiated tumor
implants in the liver were small, repeated unfocused irradiation would

have been expected to injure normal surrounding liver tissue. Information
regarding the surrounding liver tissue, or focusing of the beam would there-
fore be of interegst, Repeated non-Q-switched irradiation of tumor implants
was not attempted, The relative size and geometry of the tumor implants

is significant; the relative size'aﬁd geometry of the tumor implants ex-
posed to the non-Q-gwitched and Q-switched irradiation was not discussed.
Further studies appear warranted regarding the subsequent course of the

small tumor implants, Which had undergone disintegration.

The use of fiber optics for destruction of selected primary tumors
and metastatic tumor implants is mentioned, That the decreased effect on
the melanoma beneath the skin on nanosecond laser irradiation 'may be due
to a.decrease in the velocity of the laser beam as it passes through the

tissue" is not understood by the reviewers,




Since these studies were preliminary an attempt was not made to keep
energy (one of the parameters) constant, In order to compare the effects
due to varying peak power levels, it would be necessary to keep the other
various parameters constant, Further studies on larger numbers of animals

are warranted,

Attegpts at utilizing animal tumors for models for the quantitation
of energy requirements in regard to destruction of human tumors on the basis
of laser wavelengths absorption of human and animal tumors respectively were
presented by Minton (30). The author indicates that the equations presented
for the prediction of energy requirements for destruction of experimental
tumors may be apolicable to hﬁman tumors. These equations are based on
spectrographic determinations carried out on homogenates. Problems associ-
ated with spectrographic studies on tissue homogenates are discussed above,
Several biological factors in addition to those discussed by the author
would warrant consideration in the development of equations for the predict-
ion of the energy requirements necessary for tumor destruction., The
absorption of energy at a given wavelength by a tissue or tumor homogenate
would be different from the absorption of the same amount of energy at that
wavelength by an organized cellul#r system. Reflection, scattering, dif-
faction, refraction and other factors affecting the interaction with the
rimary radiation would be dependent upon the properties and anatomical
location of the various tissue components. The characteristics of a highly
complex cellular system such as tumor or normal tissues which require con-
sideration include a large number of surfaces of different properties such as
cell membranes, nuclear membranes, cytoplasmic constituents and subcellular
organelles as well as differences between various structures such as blood
vessels, connective tissue fibers, interfaces between different tissue layers

and between cells within the same tissue layers, Similar considerations
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pertain to secondary effects which are known to be generated as a result
of the interaction of the primary radiation with the tissues. Thus, the
dissipation and transmission of the various forms of energy associated .
with heat, pressure, acoustic waves, secondary electromagnetic radi-

ation and particular matter, (charged or uncharged) would differ in an

orpanized tisiue systom as comparsd to & homogenacaed suspension., The

extrapolation from a single parameter to a number of unrelated para-

me:er; as represented by the absorption properties of a homogenate and

interaction with an organized tissue system, respectively, consequently,

does not seem to be justified.

Further considerations inherent to the proilem of relating in-
formation obtained from homogenates to intact tissue or animal systems,
have to be considered. These in essence are the multiple interrelations
which are thought to bear on a specific biological system wichin the
intact host, which cannot be reproduced in the experimental conditions
imposed on an in vitro system. In particular regard to the study of
tumors, these involve the blood supply to the tumor, the gnatomical

location of the tumor, and the relationship of the tumor to the host.

Discusgsion

The observations presented in the various studies on experimental
tumors provide some orientation for further investigation of the inter-
actions of laser radiation with biologic systems. Definite conclusions
can not be drawn from this data which is preliminary for several reasons.
The numbers of animals in the several groups studied so far is too small

for meaningful statistical analysis. Laser devices are still in develop-

mental stages; therefore, the practical difficulties of reproducing radi-
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ation qualities coincident with specific stages of tumor development are
considerable. Equipment and procedures have not been adequately deve- r
loped for measurement of the various parameters of the interaction of laser
radiation with tissues. Studies in normal animals which may serve as a
basis for further investigation of interactions of laser radiation with
normal and neoplastic tissums indicats the considarable complexity of the
interaction of the incident primary radiation with the surface and with

deeper structures

Irradiation of the intact skin overlying the tumor resulted in a
plume of backscattered material and radiation not confined to the quali-
ties of the primary radiation as had been previously observed in normal

animals (3,8), and was subsequently studied in further detail.

The gross and microscopic examination of early and delayed
effects of laser radiation on transplanted tumors suggested that some
neoplastic tissue may be more suitable than normal tissues for the study
of several biologic facters. The interaction of the radiation varies
with different tissues as shown in normal animals (3,4,6,7,8,11,25).

It was observed after irradiation of the intact abdominal wall that the

reaction did not appear uniform .hroughout the affected region. There

was obvious severe damage to the skin while changes in the subcutaneous
tissue appeared to be less marked. Thé underlying muscle was severely
affected. Extensive hemorrhages occurred in and around the muscle, in
the mesencary, and in affected areas of intestine. but free blood was not
seen in the peritoneal cavity. Hemorrhage was not seen in the liver after
irradiation through the abdominal wall, although subcapsular areas of

necrosis several millimeters in diameter occurred frequently.




Some of the variables, which are inherent co the succession of
tissue layers-wi:hin the area involved by the primary interaction or
secondary effects, are eliminated in neoplastic tissue. 1t may there=-
fore be possible to investigate such factors as atrenuation with distancec

from the site of primary interaction more adequately in neopléstic tissues

chan in normal scructures,

The interactions of laser irradiation with cell populations of
normal and neoplastic tissue were different in several respects. 1In
relatively homogeneous normal tissues such as liver, the initially induced
lesion did not appear to increase in size and was no. iollowed by second-
ary necrosis of other parts of the same tissue or 6f adjacent structures.
Repair bec;me evident within 36 hours. Necrosis after irradiation of
some tumors was progressive, proceeded usually to liquefaction, and in-
volved tumor that had probably been outside the track of the primary
radiation. It is however difficult to exclude the role of infection in
ulcerated tumors.

The reactions oflneoplast;c'énd normal tissues to laser irradi-
ation were similar in that earf;’lesions wereé sharply demarcated from
the non~-irradiated adjacent areas, the architecture and outlines of
cellular components were partially retained, the aE;a immediately af-
fected was not determined by the blood supply, and interaction with
pigmented structures (i.e., melanin-containing tissue, muscle, liver,

and highly vascular organs) was more marked.

In view of the differencas in the reactions of normal and neo-

plastic cell populations, several types of tumors were investigated.

Melanoma was selected to study the effects of interaction with pignent
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over larger areas than was possible in normal animals in which melanin
is confined to very small areas. Cloudman S-91 melanoma was included
to study the effects of irradiation on rates and extent of metastatic
dissemination., Osteogenic sarcoma and bladder carcinoma were selected
for studies of interactions with cell populations of connective tissue
and epithaelial origin, raespectivaly, Tha data, (£ survival 6f ctumor-
bearing animals is used as a criterion, suggested differences in the
interactions of the various types of tumor with laser irradiation. The
information available at present is insufficient to relate these dif-

ferences to specific biologic characteriscics.

Some relations of the parameters of laser radiation to the inter-
action with neoplastic cells are apparent. The total energy of the
radiation is an important factor. The rate at which che energy is
delivered is also important. In studies on Harding-Passey melanoma,
regressions were not observed with single pulses in the 30-60 joule
range, Radiation at a nominal output of 350 joules or more per pulse,
delivered as single pulses, was followed by a considerable incidence
or regression. Radiation at 6943 & ana 10600 X appeared to have similar
effects on regression of Harding-Passey melanoma at single exposures of
900 joules or more per pulse. Tumors of small size (10 mm. or less in
diameter) showed a considerably higher incidence of-regression than
tumors with larger cross-sections. Important factors in determining
the effects of the interaction include energy density and tumor para-
meters, in addition to the energy per pulse, peak power, and the total

energy delivered.

Delivery of total energy from 350 joules to more than 2,000

joules as 30-50 pulses at intervals of 1 second (high pulse repetition
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frequency) resulted in severe trauma followed by death in less than 24
hours in the majority of normal and tumor-bearing animals. Death ap-
peared to be associated with severe lesions to adjacent normal structures
rather than to effects on or of the tumor. It had been observed (4,14)
that the effects of irradiation do not appear quantitatively similar
when tha same amount of enaergy is deliverad at pulse-repetition fre-
quencies in excess of 1 pulse/second as compared with delivery of the

total energy as a single pulse of one millisecond duration,

Some regressions were observed with total energies over 150
joules delivered in doses of approximately 40 joules fractionated at
intervals of 3-5 days. Ic'appears from rhese observations (4) that the
frequency at which successive pulses are delivered is significant in
addition to the total energy and energy density. It had previously
been observed (10) that the power levels and power density are of con-
siderable importance in the interaction of laser radiation with normal

and neoplastic tissues,

Averaging the survival time of irradiated tumor bearing animals
in which complete regression‘was not observed, indicated reduction in
the expected survival time a; compared to non-irradiated tumor-bearing
controls. However, this must be qualified by the difficulties of
disassociating the effects of radiation on the general state of the
animal from those on the tumor. Early fatalities usually followed laser
irradiation of animals with large, far-advanced tumors. The reaction
to injury induced by radiation, and consequent exposure of considerable
areas to infection, would be poorly tolerated by a debilitated animal. X
Irradiation effects on other organs, particularly the intesﬁine, may

have contributed to the increased death rate. Lesions of internal
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organs of an extent similar to those occurring in tumor-bearing animals

were however well tolerated by normal mice. The pressure wave produced
by laser irradiation, furthermore, may result in dissemination of residual
viable tumor cells by direct extension or by metastasis through the blood

and lymph,

The lack of regression following irradiation of animals with $-91
melanoma and of Lewis bladder carcinoma observed in ome group of studies
(4) may havecbeen due to the low levels of energy per pulse available at
the time of studying these tumors. In these studies, the animals with
Lewis bladder carcinoma and with S-91 melanoma were irradiated further-
more at a felatively advanced stage of tumor development. The studies
by Minton and Ketcham (21,22) on S-91 melanoma-bearing mice were car-
ried out with radiation at considerably higher levels of energy demsity
and at earlier stages of tumor development than those of Klein, Fine
et al (4). The differences in the characteristics of the radiation
and the state of the Cumors probably account for the high incidence of

regression of §-91 melanoma observed by Minton and Ketcham (22).

The wmicroscopic appearance éf specimens taken from the sites at
which regression of Harding-Passey melanoma (4) had taken place suggested
that tumor had been present. The presence of melanin in the histiocytes
was compatible with the preceeding presence of melancua in Swiss (white)
mice. The regressiop of osteogenic sarcoma (Ridgway) induced by laser
radiacion was also followed by protracted chronic inflammatory changes,
including histiocytes containing hemcsiderin. It is of interest that
intact epidermal appendages dare present in close proximity to the sites

of chronic inflammatory changes associated with the sequelae of tumor
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regression. The continued chronic inflammation and epidermal hyper~
plasia in some animals several months after the gross appearance had
suggested complete healing, however, requires consideration of the pos~-
sibility of delayed effects of the laser radiation (4). 1In the studies
by McGuff et al (18) residual tumor cells were not found on excisional
diopsy following lasar irradiation of a number of experimental tumors.
These authors do not indicate whether other histological changes were

present.

Neoplastic‘changes attributable to laser irradiation have not
been bbserved so far in normal or tumor-bearing animals in which re-
gression permicied survival for protracted periods of observation.

Tpe observation of possible production of free radicals by laser ir-
radiation in normal tissues (31,32) requires further study. Initial
studies of the relationship of free-radical production and laser ir-
radiation were inconclusive in Harding-Passey melanoma, since appreci-
able levels of free radicals were found in the tumor prior to, as well

as after, laser irradiation.

Experimental studies of'the interactions of laser radiation with
transplanted tumors indica:e/:hat neoplastic cell populations have pro-
perties that warrant the use of tumors in future iAvestigations of the
interactions of laser radiation with tissue. The propensity for growth
of residual viable cells, the consequent ease of end-point determina-
tion, the presence of pigment in some cell lines, and a high degree of
vascularization facilitate the investigation of the differential effects
of laser radiation in biologic systems. Considerable additional studies

in experimental tumors are required to elucidate mechanisms of inter-

actions of laser radiation with neoplastic cell populations. This
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information will provide a basis for establishing indications and
contra-indications to guide clinical investigation of laser radiation

in malignant disease,
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CLINICAL STUDIES




This sectlon deals wita studies on humans other than those on
ophthalnolozy and dentistry which are revieved elsevhere in this
report, Litwin and Glew ( 1 ) summarized the potential applications
of laser technolory to cliniccl medicine, such as the possible use
of fiber ontics, the application of laser devices to gross and
microsurgical procedures and the exploitation of effects at spec-
ific wavelengths. Ialt and Townes ( 2 ) have discussed clinical
exploration of laser radiation., Fine, Klein, and Scott ( 3 ) re-
vieved early g&perimgntal findings in normal end tumor-bearing
animals as e basis for orientetiing eventual clinical studies, The
possible hazards were discussed. The authors emphazize that studies
on the long term effects of loser radiation in animals and considerzble
additicnal understanding of the mechanicsms of interzctions are needed
as »rerequicites for clinical investigation. The exploration of
laser razdiction in the managerment of nmalignont disease was also dis-
cussed by Ketcham and lidnton ( 4 ).

tudies on tumors in znirals were oriented towards ectablishing
guidelines for determining the conditions reguired for management of
turzors in natients. Devitalization of the iturmor with zultiple
appropriately olaced laser puises zrior to removal of part of an
orzan vwhich had been replaced by tumor was suggested. Thne possibility
of removal of malignant tissue by laser radiation as 2 palliative

zeasure, when definitive cure is not possible, was discussed. These




~le-

generel considerations (1, 2, 3, 4) were based on anirzal and in
vitro invectizatlons rather than on direct experience with clinical
studies on laser raciation.

lost of the published feports dealing directly with laser
irradiztion of humans would be benefited by documentatick of the
shrsical and, frequently, the bioifgical orinciples involved. To
sone extent this may have been due to the lack of perticipation in
clinical studies by a physical scientist with experience in bioclogi-
cal resecrch, Quantitation and interpretation of such resuits as
vere obtzined, were consequently lacking., This, together with vhe
fact that only prelixinery comparative animal studies had been
czrried out, makes it difficult for other investigators to derive
maximum benefit from the investigation in order to orient their own
studies in man.

Considerations of inadequate vackground information also applied
to patients with nelignant tumors, who were irradiated. although
exploratory laser irradiation of inoperable terminal cancer may be
Jastified by appropriave indications, adequate definitions of these
ingéications for laser irradiation requires seriour considerztion.

A questicnable basis for studies in =z=n may be presented by mal-
ignant Yucors excessively rich in melznin vwnich absorbs elecurozag-
netic radiation over wide ranges of the spectrum, Since destruction
of vasculer integrity Ty laser radiztion maoy also account for tuzor
regression, coue rationale can be developed for irrzdiation of

righly vasculer tucors, such as hemorrhagic sarcomas. Lowever
? =3 b
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these tyses of tuzors are available as experizentcl neonlaczs in animzls
and chould be :izore extensivelr inveciigated before siudiez in man are
injtiated. These considerations are even more applicable o studies
on iumors in men for which adequate routire rcanagement (with cure rates
of 92-100%) is availcble (i.e., basal cell carcinoma, squamous cell car-
cinoma in situ). Coviously the explofation of venign diseases, zuch as
a nu—ber of sldn diceases includirg berigzn tusors, should a2lso await
a full lmowledge of the effects which laser radiation can cause on
a long terx as well as on a2 short term basis. Murthermore, specific
¢linicel indications for iavectigating laser¥irradiaztion in benign dis-
gzses in man have not been presented. Specific indications have not
been adduced as yet which would lead one to expect a sufficiently fav-
orable, unique resrnonse or imporvant information, not otherwise obtain-
able to te demonstirable, which would justify taking risks in volun-
teers or patients with relatively inconsequential diceases.

A number of the rejorts on laser irradiation of man are largely
inconclusive. In general the observaiions are too few in numbers o
be suitzble for objective or statistical evaluation. They consist
cizost entirely of case reports on very fev natients with different
disesses, Gereralized conclusions, therefore, cannot be drawn from
taese recorts, on wihich further studies in zan could be based. A
nurber of the disesse entities (i.e., psoriasis, melanomza) which were
studied azve snontaneously variable courses thus rardering any inter-
pretation of the finding difficult.

In general, it has been postulated that lasér radiation has
"selective" action on human tumors, presuszebly as comrared to normal

tissues, for which eviderce is not available. Some of the biological

-
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characteristics which are more nrominent in certain tynmes of tuwor

(such ac pirment in melancza or a rich blood supnly in Haposi's sar-

ccna),zay te responsidle for differential interactions and subseguent
ceurse. lo evidence, howvever, has been presented that mzlignant cells
ter se differ Irom normal cells in their respeciive reacticns to laser

radistion. in intensive investigation of the reactions of normzl and

zalignant cell popuiations to laser irradiztion would be reguired for A
dernonstrating that a difference e:dsts.

iniral dzmage to normzl structures in the presence of total
destruction of twumors was resorted, These stztements were based on

observations obtained following irradiation of the tumor, (wvhich was
conseguently camaged), while normal surrounding tissues, vhich had
not been irrzdiated were not damzged. Direct irradiation of rormal

skin and other tissues has been shown to result in injuries to then

Crly limited consideration was given to the fact thatl tuzers

spontaneously underge portial necrosis. Any Traumatic agent coa in-
duce necrosis more readily in a tuzor, whicih is gbout to exceed it
orecarious blood supwly, than in normal tissues, which usually have
2 more adecuzte circulatory reserve. «hile there is generzal agree-
ment that onliy swerficially located tusors would be amenable <o
laser irradiation, intinztions are presented that widely zetestatic
cancer moy eventuslly te tenefited. Unsubstantiated speculaticzs
ccncerning thne mecihznisa of tumor destruction were entertained, such
as: the irduction of autc-immune processes (sometimes considered o

te specific for a aypothetic tumor protein which bas become anti-

"
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genic); the selcctive zlicrations of an enzy=e specifically essential
for the turmor, (which has not teen dezonstrated in oncological studies),
or, the release of cytotoric agents from damzged tuzor, wnich in twrm
are selectively toxdic to the tumor and not to normal tissue (such a
substance hes not been demonstrated).

In sore cases, it is difficuli to follow or <o determine the se-
cuence expected o underlie the presentation. Iethodology is at tines
inadecuately presented, waich would prevent repetition and, therefore,
confir=mation by other laboratories; the sections on results usually
include references to future plans or incoxmplete studies in nrogress,
which are then referred to (in subseguent reports) as though they had
been autaenticated data. However, it must be recognized that several
of the reports are copsidered by the authors es preliminary, and, in
sone cases, were carried out with protoiype laser units vhich were, at
that tirme, not highly reliable inmsofar as pitysical parameters are con-
cerned. Since these were the only units available at that time, ex-
tepsive mezsurenent of physical paraceters was not igasible.

In the light of the nature of some of the investigative mater-
ial, vhich szould te considered as exploratory, the evaluaticn given
below could not be presented in as critical a manner as was considered

desirable in other sectiorns of this recort.

.




Studies on boil: Cauczsian and llegro voluntzers uere preseanted

oy Goldmon ( & ), Ilegmo slZn asszereatly caoved minizel les

L >l

[¢X

ons, the
inaducticn of wnich was accommaniad by a slight sricidng sensation at a
level presumed to be 0.5 jou® per sulse at €943 9. at 5 joules ser
sulse —ore extensive ciiznges were noted in egro sidn. o lesions

are revorted o nove veen detectable under sizmilor condivions of

a:mosure in Caveasian sldn, Verious attempis were zmade to izcrease

the absorotion of radiction by the sidn, including stripsing of the

-

keratin layer, tovnical cpplication of scot obtained from a candle,

and zpslication of the dihydroiy acetoze to Caucasian sidn. The use
of dihydroxy acetone nresenis o useful aprproach to relate effects o
the degree of pigmentation. However, studies to indicate that absor-

pition of the razdiztion by Lkeratin is significant in relation to

sping veuld be of interest, Indeed, the presence of a relatively

%]

[y4r>0ey

“ronsnarent sunerficial layer ay, in some cases, result in increased
injury o the waderlying absorbiag lzayer,
In the presence of increased color content z clear +white zone

develoned in gliin following loser radiztion (presumcbly at both

0.5 joule 22d 5.0 joules ser pulse). <The reaction is reporiad %o

S - s e - - - s e s
hzve beexn mere intense in the skin of legro veolumteers, CILark nzic

P e -] - e~ Bl .o - ot 3 5 Fa¥al Fal P Mg
vas charrad. Irrazdiation was accompanied oy a Mpulfl of smolke", Tals

—=7 hars beexn associzted with bacliseaticred matorial at a velocity




to a variety of studies in »ros-ess such as owrns produced in

saso-squamous »napillomas and studies of the effects of laser irraciation
cn red cells, capillariss, old hemorrhasge in the skin, pigmented nevi,
pizzented tazal cell carcinoma, tatioo marks, excised flaps of human
and ani=al skin, =znd callosities colored with various dyes. Data on
these studies as to the zethods vwhich were used, the nurber of samples
studied, the directions which the nroposed studies were taling, and
w12t their otjectives were would have been of interest. iicroscoze
lenses vere danaged by laser radiation of the characteristiics referred
to above (presumably 5 joules per pulse, with a pulse duration of tke
order of millisecords)., Although, as suggested by the authors, tae
coating or the ceuent xzay coniribute to damage, intersosition of a
cover slip would:eliminate backscatlered material as 2 cause for soxm
lens daxage. .wienuation of the eneryy by these lenses on irradistion
ol tissues require evaluaiion since this would affect ths enerzy del-
.

ivered vo the tissue. Tae authors also indicate that nsasurerments of

¢

red znd infrored reflection and irznsnissicn are being zade without

indicating how these measurenents are being carried out, nor what the

d
[

esult of the mesasurenents are. .easurement of these parzmeters 2

L5 ]

tas cower levels andé geomatry used is importent. uriker —efsrences
are made Vo experiments wilch hzd been carried oul on fiberopitics
Teombined with laser beanms® to provide deeper penetraticn, -t would
be of interest W imow hov this combinaticn was achieved, aad what

the relative effects withk aznd without transmission through fileroptics
vere, flihough preliminary studies were carried cut by the reviewers
and their associates in 1962 on transnission of laser radiatica ihrough

- :

fiver optics tundles the relatively poor results at that iizs indi-




cated that concgiderable tacught tould hzowve to be given to bundle

)

cozerency and damace., Congicdercble effort has tesn e:pended in ihe

past several yecrs in attempliing to couple lacers ith f;ber optics
systexs. (25) Seme bislogicel studies were reported (28).

idcrosconic excmination revezled 2 sunerficizl ulcer and inflam-
ctory exudate in laser irnduced lesions; the histochemiczl studies

failed to chow changes in the sulfide or disulfide groups of the ker-

atin layers. +t must be concluded that ihe lack of changes in the
sulpiydryl group, however, does not indicate that the xeratin layer
was not demaged, tut that the sulfix cornteining amino acids do not
narticipate in the interaction.

Coldman et 2l ( 7 ) further -emoried cytolegical studies cn
; cutaneous cells and cn blood cells., In tiiz section headed "Technicues!

this publication the authors indicate thzt they veze also studying

?

fungi and bacteria in varicus mediz znd containers, Although the
noiinal energy outlpnuls of the vorious lasaers used ore givea, the char-
acteristics of ihe radiation (such as enercy ond energy dencitr) are

sell defined., To some of the cutanecus and tlood cell srenara-

e
now

ticas various dyes were added (Zriochome black T, Ivan

lfl
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tlue). Some of the cell preparations were also stcined Dy routine

Tii2 objectives of these experizaz
The zuthors state that hemorrhage in vivo as a recult of laser irrad-

iz+70n preseats a hazard, and thersfore elfecis on stzined red dleod

I

cells vere investiigated. Tne rclotionship of effects on staired or




para’fin embedded preparations to investigations in vivo is not dis-
cussed. The cutaneous cells included keratinizing and non-leratinizing
cells of the enidermis znd cells from various disorders such 2s non-
pigmented basal cell carcinomas, warts and zolluscunm contagiosum.
Zpitheli2l cells included scrapiags £rom the bucczl and vaginal mucosa
and Hela cells obtained {rom tissue culture preperations, hile there
was no recognizable effect remorted in these preparations as such,
couplete disintegration was ovserved wien the cells were vitally
stcined, The debris was reported not to be susceptible to countser
staining, Description or details to indicate more clearly the results
of iazser radiation, whether any differences between these various tynes
of tissue were apparent or uhether any indication of svecific signifi-
cance were obtained would have been desirable, Varying the concentra-
tions of the dyes to determine whether different thres hold ‘levels for
selective destruction of various cellular components or subcellular
crgcnelles exdist would have been of interest. Zidfoliated cells of

<
ulcerated meloncinz showed no melanin granules following irracdiziioz.
itelees stiructure however aprezsrs to have been preserved. On the
other kazd unstained naterial obtained fooa melonomz is reported
nave wndergone cellular fragmentation. It is Gifficull to reconcile
ihese observations on melanoma cells. If nueclear siructure vas pre-
crved, tlen cellulza> fragmentation could not rave teen complete.
Inernly demarcated areas, indicating nresumably the site ¢f irradia-
tion, wers observed in paraffin sections of nigmented and nem-nigzented

B2zzl cell carcinomas, warts, baso-squanous acantilomas and molluscunm

contagiosun. The sigaificance of the observations is not discussed.

Y
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Sefoeusin: resuited in gpotiy distribution of dzsiruction and

secidual cmall isiands of wnaffecied cyvological zmaterizl. <t aphears
%o *the roviswers that these resuits may have been due to differences
in the cytological material, but zore probably are due to non-unifora
Iatritution of energy witoin <he ':oea.';.

Studiss on dlood simears are indicated, as previcusly stated, o

be important becauze of injuriss to vlood vessels cnd olood cells

4

follioving irmaciation by "hizh initensity lasers® of rebbit ears and

ngiomas in man. =4 is difficult to determine wieiher the effects of
laser radiation on blood szears can be extrapolzted to the induevion
of herorrhzge. The effectz on nmormel bloed smears are described as

a wiitened area of disappeareace cf tae rad cells. 1 descripiiom of
crtological dranges associated with the effect observed by the authors
as "an explosion with z formation of a superficial be=b crater® would

have been of interest as it might nove indicated effects other than

heat per se., +hite cells were not dameged, This has been stated in
a pumber of reporis by otliher zuthors., Studies in prosress on azoeboid

sovement and allwline nhosphaitase of white cells are listed without
indication of the zetuodolosy or resulis. Similar effects on the rad
cells zza widte cclls, reciectively, are resorted on smears oblaired
from o patient vilh lymphstic leuwliemia, The reasozns for this emperizent
are not apnerent or stated. 3Zuffy coats or purwlent exudatas were
found vo wadsrco undefined charges fcllowing laser irradiation. ITried
orenarations of cell aggrezates ociairned from a number of skia lesions
are regsoxted to chow "a grossly visible area' morking tie site of
irrediastion. ZIZirtensive cellular cestruction was present. ibist pre-

pcerations were significaxtly less demaged than dry.pre-
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—arations. It would apgecr thei thic moy have been due to the therral i

sronertiecs of water, Vital stoining of 211 mraterials significantly in- i

{
ercased the desree of umiefined deciruction. If histological changes i]
hac been deceribed, this rdgit nave provided informztion as to vhether
differential elffects on celluler conronentis occurred. Some emplanziion

of this could have been derived Irom gnecirogrannic studies.

The autpors indicate that they consider '"the mest nractical and

imslest test for studying atlemnpted protection of :tiological ==terial

(0]

egainst the laser bean® o De the use of hair preparsztions mounted on

glass slides. =% appears cuestionazble that an essentially inzctive

a9
~f

structure such as hair would lend —uch information in regard to
actively metaiclizing srstecs. The effects on hair would be largely
due to its piguent content, whiile most tissues do rnot contain signif-
icant or any arounts of melanin, it would therefore be difficult to
extragolate from the effects on pigrented material <o nonm-pigrented
tructures. The differences tetieen tiie low water content of hair
axd high water content of most tizsues wowld also malze corparison of
tihe respective eflfects difficuit, Duarthermore the siructure of hair
is maxiedly ciflerent Zrom that ¢f =ost orgznized living tissues, ]
wrlca would :revent correlatvion of ithe respective interaciicnc. <o
tierelore zppears that the dilfsrences tetween halr znd the zajorivy
. of other <issues are suck thal the hair connot te ccrsiderad as a
medel for the study of lzeser kozoxds, Turther data with ragexrd o
tie references macde to detziled histochemical studies on nzir folleow-

E

ng irradiaztion have not Teen dascrived in the nsublications reviewved.
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Aliheuzn fhs authorcs nad indiccicd tiat lacy vwere siludying a
mwber of fungi and tzeteriz, ne only referesnce to micro-crganisns
apopesrs to be Lo ines werzicolor. In the zbrence of vans tiue no
changes were observed, vhile following vital stzining, deziruction
of both the enidsrral cells zud fungal elenentc was seen, Chromo-
sol.e preocrnticns [rom M“ehromosome culitures?, (not othervise

-~

identified in regard to nature of origin or method of prepzraticn)
are renorted to zhow =0 &llect uniess stzired with orceix which
resulted in extensive dectruction fellowing laser irradiation. There
is no indication of waat is meant b "desitruction" in regard to hist-

.esericiions,

=
g

LCa

It is diflicult to be clezr zbout Tie resulis cbserved, part-

-

v since =athodology and sources of nateriazls are not adecuately

[u
[¢]
-
}-
{2
H
[

- ~

dascribed., <~reswrnadly the objeciives of the invesiigation were o

generally screen the effects of lager radiation on a nuzber of avail-
able preperaticns. The conclusicon would cppear to be that celoring
vhich results in absorpiicn of the radiation (expressed by the zuthors
25 "increased the ernergy of absorption of the laser beams™t) recults
in irersasec darinze o celluler and sub-cellular elsments.,

The paper revieuved asove was 2 short remori. Siznce the numter of

exzles studicd in each cass are not given, and since a lerge variety

o materials vzr2 ctudicd, it must be gresumed that very few samnles
o zzeh materizl were irradizted. Tha recults cbtuined congecuenily,

. 0

coanot ke cousidered as of statistical signilicance.
-7 (f“ remortad seraliel studi —vma Tl ramm e oled e
jo w) X e;zo- wel St atlle SVLL1es 0N norral nunon saan

- Ca 3 - e R - Lasymg 4 3 e = hF -l
o semisn siin disgzazes. Injuries induced by laser radizticn oz
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cclorad cluin were mere zronouneed than in wihite sidn in regard to gross
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and microsconic ajpezrance of the lesions. Coldmzna et 21(8,10).-report

bizzore nuclei vhich resemble cercinona

23

t
(%8

the »resence of acaiithosi
in situ in enidermal cells following in vivo laser irradiziion in
hunans. Hotwithstanding the observation of histologiczl changes
sugrestive of formation of sida cancer folloving laser irradistion,
studies on norzal huxan volunteers an& on patierts with benign skin

-

 issases were continued without intervening studies on animals.

{h

o merked changes vere found in psoriaztic placgues following
lagser irradiaticn uhiether or not tar cr dye had been gpplied to the
lesions, in contiradistinction to previous findings by the autrors end
others, in which the gpolicztion of dyes were found to alter rarkedly
the effects of laser rediation on sidm. Angiozas in infents (33)
znd children, port wine zngiomzs and senile angicmes were also exposed
to laser irradiation at 6943 3. ingiomes in infants and older patients
undervient resorption. Since angiomas in children have a high sponten-
eous regression rate, it is difficult te evaluate the extent to which
laser irreciction contribvuted to their resolution, as compared to th
zatural course of the disease. It should be noted, nowvever, that
regrcgsion of anziomzs as 2 swontanecus Hhenomenon occurs gradually
vnile that induceé by laser rzdiation rresumably proceeded more rap-
idly. Uoviously a great deal ol additional studies on the safety of
the procedure in regard to leng-ierz hazards are indicated, velore
+

laser rezdiation can be considered as 2 possible apnroach o the treat~

sent of a spontaneously resolving, berign, rathier insignificant sidn

q

lesion in exrly life., Zollowing observations on long terz results,
it w11l then be necessary to evaluate stalisticaily the potential

therapeutic advantages waich laser irradiation may offer in coiparison

to established procedurss in the =anagenent of this disease.
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Tie vast sojoriiy of tazal cell coreinoiias cnd cguacious cell car-
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tyoes of cancers present serisus theraneulic odrollems vhen ngy LSecexe

deenly invasive (bazal cell carcincsz, or zetasiatic (scuosous cell

+
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“

crtuncvely this & Tore occurmence, siince the super-
Sicizl losions are usuwlly recosnized in tizme for derinitive rmanarerient.
In view of tie hishly acecuate established methods of manzpgins orizzzy
epitheiial turors of the sldn, it is difficult o aszsess the cliinical
indications for exploring lassr razdiziion in *hese tumsrs. This e~
cones ¢ matlar of pariicular councern, since the hormful effccts of
laszer rediation, nsrticulorly trne long-tern reswtiis, have not teen
adeguatsly erplorec. Jven froz an imedizie point of view, sone
2ls danzers are apparent vhich regquire erclusion tefore lacer

recéiction is emplied to coneor which is curzble by precent metheds.

Foscible izwediate scurcec of dinger have to te considered in view of

.-, 1 oo . ooy a . o - e
our laclk of lmowlidze of the mecnanisms of intercetica of lzser radia-
s gy - -y oY, o -y 4 3% ..
tion wizth tizsues. The ezerrsy irinsformations and soceitle sressure

ey - - o S 4l < e . b > - - S -y " e s - -
vaves accccisted with the initial intercetion could result in tne dis-
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lccaticn ¢l viadle Twier cellsz walcn TEY w8l S ghreau 1ronl uLe

origingl site of the tumor ty loczl extenzion inte dassper layers of
tissue, . Lternatcly, disseminaiicn of twnor cells zmay ccouxr, I lhey
cre orezelled by tlhe sudden generstiion of presgure waves into the Slocd

v covdd te furtaer
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diszerdnatec. This could reszult in metastaiic soread, esrlier thon

would ocelur in the nzitural cource of trze disease.




The nretlen of loccl citcncion zs to Be cousidered in rezurd o
Saszl cell corcinomz as well as sguarsouc cell carcizoma, ILocal exten-

cicn 1ay result in 2 Twicd lesion witich may nroliferate without becorming

fo

t is no longer cuxrable, In regard to cguanmcus cell

1o

apwerent, until
carcinozs tae induciion of a uetastatic srocess by 5lood or lumph born
diggezination would obviously slace tiis tyac of tuzor beyond th

.- :
i

urztive srccedures, =izilar considerations apnly to other
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tiaec of arizary conesr, cuch as mnlijisnt neleonome, which are well
lImown for their sropensity to disserdnate 2s a2 resuli of superimdosed
trauma., 7o date, andrzl studies nazve not beea conclusive in demon-
strating viietiier laser irrzdiclliin cof aijerimentel fuzers mzy result in
an increase in the degree of local erenzion or inm %he rate of devel-
ozizent of zetasitzses. Howewvsy, there 1t some indicction thot local
extension can occur. <+t WUl clearly be indiceted thai pertinent

o fron experizental tuwcors in anizols be obtained before clinical

0.

tudies are undertalien. Since loger irradistion of nrimery cutaneous

n

“amers in man are not dbosed on any specifically unique indications,
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Initizl studies oy Goldmen ané asscciates (8) o
of tasal cell carcimomz fuiled to show eradication of the tumor.
Jesidual tuzor eells were found and ezrly recurrence was reporied.
Geldmen end Vilsen (9) subsequently regoried laser irrediation of &
lesions in 2z detient with muitinle ncdular dasel cell carcinomas at
ernsrzy denzities ranzing froa 20 to 18,020 joules ner cz?. Cne of

these & lesions was irrazdiated with 4 successive pulses zt 1CO joules
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2o, orently covered tas surlcce arco of the wu.or. his leszion apteared
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wis oithizr 7 irrodiziid Izcionz zihoued nuriizl dee-

Truction bul 2id noi digaprear during cdbzervailon serieds ranging from

1 to 5 lontiz. In the gidn A te av which cecrzlete

a bzszl cell car
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may contizmuou Iex ng, whglher tae
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ciuded. This nessibility stould ve kest in mind, sartieularlr in
view of aulhors! findings of histolezical carnzes in culanecus
enltzelium following laser irrsdistion which consistad of accaticsis
2né pizzare nu oling corcinoma in situ(§10). The autuors

~izatly poizt ocut thatl ro conclusions could be druwn from their

deaa 3 AL v} o I Am e | Al gem ES §wmsd a - -
STULI23ES cSinnCce WLz I\iber o0l leglcnis owvservea wWLs Teo laimated o =er-
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<0 justily delinmitive cenclusions. a2 authers, ncousver, delleovs

wnul the © twmors ioradizied could e viewed g o control siuly Ior
zccezsing vorious parazesers of lzzar radiztisn (L.e., differences
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Lact their dziz indicate 2 relotionchip between the ernersy density and
the eventuzl reczonse of the turmor to irrndiction. Documentations of
this conclucion require further siucy av voricus sover and enersy levels.
The authors state that although no significant epidermel or vascular
changes were noted uhich would sucgest precancercus caarges in the sikin
or camgge ©o the blood vesszels, longsr periods of cobservationc are re-
quired to determine the lote effects of luoser radiation on the tissues
of zan. <They further czdvocate that cenventionzl meticds of surgery
apd rodizstior siaouid be used in the treatment of tascl cell epitheliomas.
veGuf et 21l (11) renorted siudies onm 3 patiernts with malignent

+.

zelanorma and one on a patiernt with a scuarmous cell carcinomz of the
orbit., The initial nart of liae paper is concerned with the history

of the develoszent of lasers ard the chysical esnects thereol, The
staterent that "the laser® has the unique characterisiics of teing
ccherent, —onoehrcratic, amd capable of high intensity should have been
acdified, sizce laser radiation, while it cossesses a high degree of
conerency ond & relatively norrov bandwidih, i1s not coirpleiely coher-
ent nor monochrorctic. In cenjunciion vita the studies on zarm, animal
studies are reporiad., Izligrent melanorma of humcn origin walch nad
ially teen grown in chieell pouches of hausters, was trancplanted
tenecth the oucous nermbrane ¢f the cheek nouch of a second serics o
aamsters. ~ighteen tuzors of unstated‘éize'were irradizted, and 17
were used as coutrols. arongst this group of tu—ors boih amelanctiic
and melanotic tuziors were Jound, zithough they were derived froz a
single source. 3Both the size wzzd pigment contead of the tumor on

irradistion would be of sisnificance since these factors cay alifect

Pl S

2itz obtained. 4n the studies on thyroid carcincra of human
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origin iranzplanted to the cheek pouch of the hamster, the size of ihe
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not corraciond o zetusl temnerature of the tissuss at those
leztiis,  Time chiargeteoristizs of the theruccounle ressonse in tissue
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Tissue lemperatures o szrily due to tharicee rodintiion abscrziiox.
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tumor sysicl during and following luser rediztion was corporced with ;
i

4

therrad chonges produced by czutery, ce*taln problz:s arise in comparing

——

! )

these modes of injury, siance tiae initial energy distributicn within
the tumor differs in ovoth cacses.

The discussion cannot te easily reviewed. The aeading of the
first nart of the discussion is "Relationship of Laser Inersy to Tize
and Relativity". Some persomnal hazards wiiich cre discussed were
sreviously deseribed more extensively by various authors (5).

-cCuff et 2l (11) state thact the effect of laser emergy on normal
tissue is miniza2l ard healizng is rapid, but present no evidence <o ‘
suavory this statement. Tais is in direct contradiction to tha pub-

iished findizgs (discussed in znother section) of *he various invess-

izators who have intensively studied effects on normzl tissues. The
effecis on normal tissue depend on the properties of the ticsue znd
of the radiation., £ the normal tissue, such as the himster cheei

ctouch, is relatively iransperent to the radiation, the effects will

be liiited wo tie blood vessels. Howsver, if the tissue is relatively

fact will be observed.
In discuscing the effects of lzser enerzy on tumorsz, the authors
state (11) that tae effcctiveness appeanms 40 e related to several
caaracterisiies, imcluling either encrzy density or power densitvy
Sotil enerzZy danaity axnd cower demsity are of conseguence (i2). Tne

nd Yhe total power as e not considercd as pararsters,
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czrot be coungiTued o therasmeusiz, wut havs Lo be viswed us cidlora-
tory, it appears sresztuse to rol3r wo thece zrocedures as elleciive
shesaneutic meacuresz.  The cutiors imnly that lascr radiatiozn initiates
a =rosressing oprccess vhich them comtinues Yo resuli Iin wumer recoluticn.
imation is made alilcurh, zccording to the cuthors! ovn ovser-
vetion (13, comnlete tw:or resolution 4id 2o% occur in axny of the
patients treoated. Tae remainder of the swmmary infers tle iractiva-
ticn of z hymotheticcl euzyme nececsory "for ihe neiabolisam of the
twoor? which is lostulated to undarso inzctivation or change in specifi-

city as a result of lascr irrzdiziion., Although "high electricud

$121és" mar change zolecular bonds, the »risence of high elactric
field in tiszcue iz difficult to ectatlisn.

Goidmom (13) rercorted on the effescts of laser radiation at 6943 2
2nd an snergy outnut of 0.34 joules mer nulse (puisc duration of the
order of = zillisecond) in = paper eniitled, “Iatholozy of the Zifect
of the Loser Beaxm on the iZn%., In this resori gross and microsconic
apsecrancss of tie lesioms produced by laser rzdiation in Cauczsian
and JesTo volumteers are reported in addition to = mumber of insects
(slack widow spider, coclToaches, caterpillars), smeers Irom buccal and

A . . e e = - s e
varinal mucczz, dignented znd non~rsisicnted basal cell carcinonzs, mel-

.. 3 P - P . olm ot M - .t - < < -
anona and otier siructures Lo whlcih these authors refer iz several otuuoer

subiications, o detalls of their ethnodolory arc given in thic »Tes-
enbteiion, Zoldrmni et al (13) resort inflorzsiory chenzes in oigmented

g DT A L 1 R gy . . P 3
.o I0LAGVLNTD lager irpradiation wiica were not azdnarent in fouccsizn
PELY %!

glzin siiilarly eiposed. Lz deseribod in another report oy ithe authors

(10}, sirizainz of the lrcratin loyer with and witiout applicziion of

E'm —




soot did not droduce pathological ckanges at this enzrgy level,

colorad skin (gresumchly KNegro skin rother than artificially colored)
laser irrzdiation prcduced ¢ lcial lesions with frogmontation and
splitting of the stratum cormeu=, In s5om2 lesions th2 cells of the
upzer loyer were eosinmopiilic and primoiic, indicating that they kad
undergone degencratisa. 2aszl celis chowad bydropic degenerciion with
decrease in celluwlar size, pyknotic ruclei ard eosinsphilic staining,
Tazre was cozsidercble voriction iz the degree of injury a2t the cellular
level, The arez adjczcent to tke site of Irradiztion sheired edesz iz

:

the epithelial cells a2s well as in the dermis. & pa-ivasculer infilircte
was clso present, The czpillories wera dilsted and the endotielial cells
were distended. [fo chanzes were chbserved in the eccerine swast glands

av the lovwer lewvel of the dermis. Tze authors do not report on chonges

in tke me2lonin gronules althouzh one wowld eirzact that these would have
teen z2lterad. Since trhe authsrs sugzest that the difference in {ke
reacticn of colored and Ceucgzsicn skin reszeaetively is due Lo the

increased zbsorption of exergy by the coleored coterisl, the chazges in

zelznin in bumen ckin wpuwld be of significaace as one of the importont

Ia thzoir cbservaticns on the effects of laczer rodiation on alding
and block rebbit cars, the outhors (13) izndiccte that loss of =2lazin
Diz=znt had cccurred. Skia of tke black robbit hod urndergonz destruction
which extended through tke dermis iInto tu2 cortilage.,

4 deep roddish €lscolorad zone eppecsed 2ollowing irsadiztion 27

tke hezd area ¢f the catzoillar, Histologically, a sharply demarcoted

zone of goagulztion racrosis wes cbserved., The blackish-brovm satze o




tte cztipillar assumed a goliezn-yellow appearcnce following laser
irreiiation, The significance of this study is not clecr.

Stﬁdies on expericental tumors in animels (5, 14) as well as
aorazl emimals (15, 16) have indiczted that pigzceated structures
(z21azin, hemoglobin) opreared to be differentially zffected by laser
rodiation at 6943 3 and 10, 6C0 X, as comparad to non-pigzented
structures. Pig=onted tuzsrs in mzn, both beaign (nevus, hemznzicza)
end melignort (maligrant =2lomoza, Xaposi's hemorrhagic serccms) were
included in clinical explorations of laser radiation in humans (8, 10,
1, 17, 18). ;

Goléran et 2l reported cbservsticzs (8, 10, 19) on irrzdiation
of benign revi and maligneat malangma in patients. Sor2 of the lesions
were excised following irradietion while others were left in place for
veryirg cericds, Tke authors report a2 superfiCiai coegulztion necrosis
distirguished from that produced with electfccoagulaticn or hest
cauterization by the charp line of demarcation, as previcusly reported
in anical studies by Finz, Xlein et 21 (3, 5, 14, 15, 16, 20).

Coidmar et 21 (19) further recerkad on the resistance of‘hair follicles
+9 laser »adigtion. In this repcort they state that tissue recrosis
censinuzs €9 sorozd for some tiue after irrediation. This reaction
gpoears ©o differ from thzt reported by the suthors () in irradizted
baszl cell czreincmz, in whick delayed réactions ware not observed.
Reference is mzde in this revort (19) to focussed radiztion without
stating the bezn convergence, thus rendering it difficult to assess tke
distributiosn of the erergy delivered in relation 4o the effects

cbserved. Following an interval of 21 days after irradiation, miero-
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copic seciions showed an airesic epidermis without zinormal cells

£

S a charply demarcated fitrotic scar. A descriztiorn of the
iz=2diate spacific changes, zné of the subzeguent course would
nave been of Interest.

The observation for izmgiance, thet kair follicles zre "resistand!
t0 laser radiation iIs not supported by docuzentaition, Imsuificient
docimentation relating to zross as well as micrcscopic evidence was

presented in regard To: whelkher heir growth comiinued; the degree of

-

sigmentztion of the 2air; where the kair follicle was lcczied iz

relzetion to the irradiztion site, or in relation to lesion; wkatb
chongas occurred in other tissues (norrel or pathological) which did
not ceecus in tne zair follicle, thus indicuting its "resistance®;

vhether "resistance” was indicated by an isolated otservation, or

1as noted over a tericd of tize, how many hair follicles vere so

ocserved; &tC,

'y

Similar considerations apzly to the proposed centrzl topics,

such as nevi znd =elancmas, which were irradiated., Scze of the
izsortzot aspects of these studies reguire further dectmentation.
Informzticn regarding the lesicas (i.2., size, shape) would permit
these otcervations to be ceomrared with othker studies., The secuexnce
of cranges induced by laser raodiaticn worranis consideration. Furiher
studies are indicated to exlend ocservations, which are presented, azd
to cubsicontiate the inverpretaticzs. Reporus on the follow-up siudies
: over mcre protracved observaticn pericds will provide addivicnal

. s o P
information regading these prelizinsxy finding,
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Irradiation of the r:a.lignant celanozas was reported (19) to have
been studied in four petients (elthough only 3 patients ere enucer--
eted, COne of the 3 patients was arpparently studied at two energy

levels). Excised nodules of celznoma were irradiated . The nature

of the destructive chenges prsducad are not described. Zed cells in

the areaz of the irrediation are also reported to have absorbed
"considerable leser enerzy” and to "show changes".. Furtker information
on thke nsture of the changes or the c2nner in which tke abssrptlion of
ezergy was demorstrated, would be of interest.

In 2 seccnd patient a =elenoma whick. kad develorned froa a leatigo
caligna, was excised and Irradizted with ucfocussed and focussed
rzdiation at a level given as 125 joules rer pulse. Tie focussing
characteristics of the lens systen are rnot presented. Superficial -
destruction and deep necrosis were produced by the unfocussed
radization in this ir vitrs spacizen. ’.".’:ze. effects of the focussed
bean were stzted as necrosis extanding to approxicstely 4.5 =, iz
depth. VWhether the effects on the malancme differad frca those on
normel structures would be of interest, as weuld a description of the
gross &:'.d. wicroscopic effects. The lesion, which was irrediateqd,
opperently was a prizary c2lonoma (there is zo staterazt on whether
it had e:terded). It would be of inberest to determine whether end
how the effects of laser radiation on pricary r::.’..an::::..ﬁ differ fron
thoée on r2tastatic c2lanoma, in the orne or more patients included in
this report. '

In 2 third patient, o2lercma of the back was irradiated ia vivo.
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Both focussed erd unfocussed radiation at e pulse level of 50 joules

vere ezployed (19). Tce lesion was excised -within 24 hours following
irradistion. It would be of irterest to know whether this ves a
solitary lesion or vhether at the tirs of irrvadiation cestestatic
disease was pressct. This would be of significerce, sizce trau=mza to
urinary celerncza before or during surgery is contra-indicated, in order
to avoid the possible dissemizztion of c=s=lencma cells, Blood vessels
in the arca of irradialion were reported to have been thro=dbosed,
Sizce the specizan, however, wes obtaired 2 hours following irradi-
ation, it would rot be tossible to determire whetber throrbosis
occurred ir—=diately or wietker it arose st some tiras following
irradiztion as a secordery poenscena, lln the latter event, there
would kave been easugh tiz= for viedble cells of relignant r2lenoma

t5 have extesed the blood (or lytoh) vessels axd thus be able +o
Initizte rmatastases. The force produced during irradiztion éislodges
cells 2nd injuves blood vessels (5). Trus tke conditises are provided

\
for possible dissemirnztion of rzligroont cells. Aniool studies axre not

conclusive but indicate that extension of neligrant tuzors cay resull,
dazeréing on the e¢orditicns of lzcer isradiation., It would therefore
e of izporte=ce to stote wact precauticzs weme taken to prevent the
passibility 22 diszec=inotisn of :‘—*_".15::.:‘:: cells,

Tae patient listed as the fouxrth is ststed to have the sz—2
nu=ker of zztasta*ic rzcdules (i.e., 53) of r2loncoa es the patient

listed 2s the first, Three zsdules were exposed to "the ruby laser
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end 5 the necdymiun laser". It is zot clear froz this statexment
uketker exposure was concurreant, successive, supericnosed, or
whether ore or zore ncdules were expcsed to only one type of r..d tion.
Conceivably several different ercas on each nodule were exposed. Tnis
astect of tke =othodology, however, is ot oreseated, —xking it dif-
Zicult to interpret such description as is givea in the obsarvaticms.
This cozsists of a stcotemant that "deep necrotic zornes" were produced
¥y a ruby l:‘.ser at 110 joules p2r pulse waere the radiziion was focus-
sed. .‘E'r.e effects proiuced by the n2odyrium lzser (at o3 ezargy level
of 42 joules per cz? obtaired by focussing at 10 joule outwut),
described as bhavirg teen "deep destructive chenges". In the absance of
a clezr descripticn of gross or histologic appeercace 1t is not clear,
whether there 'n:ere any differerces tetween the eflfects nor what these
"differences might have besa. At a level of 10 joules or less “supar-
ficizl" changes vere cbserved.

In two patients suspecied of hoving m2lanome, leser irradistion

. was carried sut. Cxze of thesa peiients wes found to have angickera-

)
toma whick was irrcdizied at 6943 A with (presuzsdly a sizgle pulse)

at 0.5 joules per = Tois lesizca wes fowd to have uxdergorns

sugerficial clhiezmgas, Tze zature of the gross or microsccopic changes

.is not stated. 1In the sccord ratient with suspacted c2lzucza, the

lesion was found ©o be 2 ncdular hidrafenssa which showed extensive

destructive changes {ollowing irredi atiun gt erargy levels of 110
joules zer pulse obttairad frca a ruby leoser. tkouzh 2 microscopic
section was made to provide the dizgnosis no data are presanted on

such microscopic changes as might have beea produced by the redlatien,
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Tae autnors state that they attecgted to provide controls for

laser exgerizents on livirz tissue by irrzdiatirg a tattoo rmaxk on
ke =

tte forezrm of Tresus=adly a ror=zl individusl in vive at 100 joules.

basorkilic changes ware noted along a "wide broad erea"., Derzabrasion
Teior to irradiztion incrzaced the area of destruction. The sizes of
tha areas involved by irradiation or the reacction to it, are not
statad and therefore, can rst ve ccezpared., aAmother portion of the
tattoo was exposed o rzdistion et 1C,600 ?‘-!. st 2n erergy cdensity of

L2 jouies par c:2, probebly at 10 joules. ZITastruction wes repcr‘.:eﬁ to
bz much deegpaer than that produéed by thke wafccussed radiatvion at 100
Joules z2r pulsz obiaired froz th2 ruby laser, Although these studies
wera czr>ied out at &iffsrext wavelengths, they wera not carried osut
et siriler enzrgy levels nor ot gimilicy . degrees of focussing exd
comseguently éo not provide 2 mezzingful tasis of cocoporisdn, Tais
attecgt 1o provide coat